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FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 


_  Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 

_  Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 

Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

_  In  conducting  research  using  animals,  the  investigator (s) 

adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals, "  prepared  by  the  Committee  on  Care  and  use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  national 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985) . 

_  For  the  protection  of  human  subjects,  the  investigator (s) 

adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

_  In  conducting  research  utilizing  recombinant  DNA  technology, 

the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

_  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 

investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 

_  In  the  conduct  of  research  involving  hazardous  organisms, 

the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 
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INTRODUCTION 


Subject 

The  subject  of  this  research  and  development  effort  is  skin  protectants  which  are  effective 
barriers  and  neutralizing  agents  for  chemical  warfare  (CW)  agents.  The  neutralization  or 
immobilization  of  CW  agents  such  as  sulfur  mustard  or  nerve  agents  (GA,  BG,  BD,  and  VX)  are 
of  particular  interest.  Typically,  the  neutralizing  agents  are  incorporated  into  a  base  cream, 
containing  a  mixture  of  perfluorinated  polyether  oil  and  Teflon  particulates  as  thickener,  for 
application  to  the  skin  as  a  protectant  from  cutaneous  exposure  to  these  agents.  The  complete 
product,  base  cream  and  neutralizing  agent,  must  not  be  harmful  to  skin  or  be  toxic  by 
absorption. 

The  development  of  non-harmful,  non-toxic,  highly  efficacious  skin  protectants  for  personnel 
routinely  exposed  to  toxic  materials  (e.g.,  toxic  chemicals,  nerve  agents,  plant  related  toxins  such 
as  poison  ivy,  pesticides,  and  herbicides)  would  be  in  demand  for  both  military  and  commercial 
applications.  These  protectants  would  be  extremely  useful  for  chemical  warfare  environments, 
police  riot  control,  and  campers  where  exposure  to  poisonous  plants  and  animals  are  possible. 
Deathly  allergic  persons  could  also  use  these  topical  substances  to  prevent  reaction. 

Purpose 

The  ultimate  purpose  of  this  research  effort  was  to  develop  neutralizing  compounds,  which  when 
incorporated  into  a  base  cream,  provide  a  barrier  against  CW  agents  and  other  toxins.  The 
material  should  be  affordable,  safe  and  non-irritating,  chemically  stable,  and  demonstrate  rapid 
kinetics.  To  achieve  this  ultimate  objective,  our  Phase  I  research  objectives  were  designed  to  (1) 
determine  the  feasibility  of  coating  reactive  metal  powders  with  polymers,  rendering  them  more 
easy  to  handle  and  inert  to  physical  contact,  and  (2)  evaluate  the  neutralizing  potential  of  these 
coated  powders  toward  CW  agent  simulants.  The  experiments  developed  to  achieve  these  goals 
proved  the  feasibility  of  selected  metals  and  polymer  combinations  and  also  helped  us  identify 
other  metals  and  alloys  which  could  be  equally  effective. 

Scope 

The  scope  of  this  effort  was  to  research  a  “new”  class  of  CW  neutralizing  compounds  by 
screening  a  large  number  of  activated  metal  alloy  powders  having  an  organic  coating  produced 
by  reaction  with  monomers  or  shorter-chain  polymers.  To  rapidly  screen  numerous 
combinations  of  the  metals  and  polymers  within  the  compressed  time-scope  of  a  Phase  I  effort, 
we  chose  two  techniques:  differential  scanning  calorimetry  (DSC)  to  quantify  the  extend  of 
metal/monomer  reaction,  and  liquid  chromatography  (LC)  to  measure  the  neutralizing  potential 
of  2  CW  agent  simulants.  This  research  scope  encompasses  the  technology  areas  of  metal 
hydrides,  catalysis,  in  situ  polymerization  with  metals,  and  CW  agent  neutralization  or 
immobilization.  Per  DoD  SBIR  Solicitation  96.2  Topic  A96-143,  efficacy  testing  will  be 
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conducted  by  the  Army  medical  Research  Institute  for  Chemical  Defense.  The  tasks  undertaken 
in  this  effort  are  listed  below: 

•  Task  1:  Develop  the  Definition  of  a  Successful  Protectant:  Identification  of  CW  simulants 
and  definition  of  the  protective  agents. 

•  Task  2:  Identify  Several  Metal  Substrates  and  Monomers:  Select  candidate  metal  and/or 
metal  oxides,  and  monomers  for  raw  materials  in  producing  the  coated  protective  agents. 

•  Task  3:  Design  and  Fabricate  Laboratory  Test  Apparatus:  Assemble  the  test  and  production 
apparatus  for  preparing  the  metal/metal  oxide  coated  agents. 

•  Task  4:  Perform  Activation  and  Polymerization  Experiments,  and  Evaluate  Destruction 
Capability  of  Materials:  Perform  metal/metal  oxide  preparation  and  polymer  coating 
experiments,  and  optimize  process  variables. 

•  Task  5:  Demonstrate  the  Destructive  Potential  of  the  Coated  Metals  to  Army  Personnel:  The 
most-feasible  production  process  and  neutralization  or  immobilization  capabilities  of  the 
powders  will  demonstrated  to  the  Army  via  live,  video  or  graphical  slide  presentation  at 
Mainstream  Engineering. 

•  Task  6:  Develop  Preliminary  Phase  II  Designs  From  Optimum  Phase  I  System  Components: 
Develop  a  first  estimate  scale-up  design  for  the  most-feasible  powder  production  process. 

The  research  carried  out  to  accomplish  these  tasks  is  described  below,  broken  down  by 
Experimental  Methods  and  Materials,  Results,  Discussion,  and  Conclusions. 

Background  of  Previous  Work 

There  are  two  areas  of  previous  research  to  discuss  having  relevance  to  this  research  effort:  (1) 
metal  oxide  and  hydride  catalyzed  reaction  or  polymerization,  and,  (2)  chemical  warfare  (CW) 
agent  destruction  catalysts  and  protective  chemicals.  These  specific  technology  areas  are 
surveyed  in  the  following  section. 


metal  oxide  and  hydride  catalyzed  polymerization 

Many  metal  and  metal  alloy  oxides  are  used  in  catalysis,  and  metal  hydrides  are  used  in 
chemical  synthesis  as  reducing  agents  or  catalysts.  The  metal  alloy  substrate  candidates  selected 
for  this  effort  are  TiFe0  9Mn01,  Mg2Ni,  and  CaNi5,  each  of  these  having  the  ability  to  form 
reversible  metal  hydrides.  These  alloys  were  selected  because  alkali  metals  have  been  used  in 
the  past  in  skin  protectant  formulations  as  a  reactant  for  CW  agents,  and  metal  oxides  such  as 
Ti02  and  MgO  are  known  to  act  as  catalysts  in  polymerization  reactions. 

Altemore  and  Ort  [1975],  Ziegler  et  al.  [1977]  and  Miro  [1990]  have  demonstrated  the  utility  of 
metal  and  organo-metallics  as  a  catalyst  for  polymerization  process,  however,  the  integration  of 
the  metal  or  organo-metallic  into  the  final  product  was  not  the  focus.  Prior  art  in  the  areas  of 
encapsulation  of  metals  and  metal  compounds  was  also  found  in  our  literature  search.  Murphy 
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and  Lajoie  [1996]  describe  a  NaHC03  polymer  coated  particle  for  use  in  anti-perspirants,  metal 
oxides  and  carbonates  have  been  encapsulated  by  radiation-induced  vapor  phase  polymerization 
at  25-65  C  with  vinyl  monomers  by  Bruk  and  Kirpikov  [1995],  Ono  and  Takahashi  [1989] 
illustrate  the  spontaneous  polymerization  of  methyl  methacrylate  in  the  presence  of  Cu,  A1  or  Ni 
powders,  Matsumura  and  Nakabayashi  [1988]  also  describe  the  coating  of  Ti02  particles  by 
aqueous  phase  polymerization  of  methyl  methacrylate,  and  Yamaguchi  et  al.  [1975]  polymerized 
methyl  methacrylate  onto  Al,  Fe,  Cu,  or  Ag  surfaces  in  aqueous  S02. 

Although  there  have  been  no  prior  demonstration  of  vapor  or  liquid  phase  polymerization  using 
activated  metal  as  the  sole  polymerization  initiator,  we  theorized  in  our  Phase  I  proposal  that  the 
extreme  activity  of  the  activated  metal  surface,  whether  hydride  or  oxide,  could  provide  a  very 
chemically  or  catalytically  active  environment.  For  example,  the  presence  of  dissociated 
hydrogen  at  the  surface  of  the  metals  could  be  an  effective  free-radical  initiator  for  olefins  such 
as  ethylene,  tetrafluoroethylene,  propylene  or  perfluoropropylene.  Methyl  methacrylate  also 
polymerizes  by  the  mechanisms  of  free-radical  propagation.  As  another  example,  the  metals  Li 
and  Na  have  also  been  proven  to  be  effective  anionic  polymerization  catalysts,  so  it  is  feasible 
that  other  metals  such  as  Mg,  Ca,  Ni,  Ti,  Fe,  and  Mn  could  promote  polymerization.  Cationic 
polymerization  is  also  catalyzed  by  acids,  so  it  is  conceivable  that  the  presence  of  dissociated 
hydrogen  (H+)  at  the  metal  surface  would  be  an  effective  catalyst. 

CW  agent  destruction  and  protective  chemicals 

There  have  been  many  skin-protective  formulations  developed  over  the  past  30  years  to 
serve  as  barriers  to  CW  agents  such  as  sarin,  soman,  and  mustard  gas.  Unfortunately,  many  of 
the  chemicals  which  can  decomposed  these  toxic  CW’s  also  react  with  or  irritate  the  skin. 
Others  have  only  been  proven  effective  toward  specific  agents  and  many  are  barriers,  not 
chemical  neutralizing  or  immobilization  agents. 

Many  of  the  skin  protectants  developed  to  date,  whether  for  CW  agents  or  as  sunscreens,  use 
alkali  metals,  hydroxides,  or  salts  as  the  active  ingredient.  For  instance,  Dahms  [1994]  describes 
a  sunscreen  composition  comprised  of  a  dispersed  metal  oxide  in  oil,  Bannard  et  al.  [1991,1993] 
specify  a  chemical  warfare  decontamination  composition  containing  an  alkali  earth  metal  salt, 
Hammond  and  Forster  [1991]  suggest  the  use  of  polymeric  amine-copper  complexes  to 
catalytically  hydrolyze  Soman,  and  Steyennark  [1974]  uses  a  strong  base  mixture  including  an 
alkali  hydroxide  to  neutralize  chemical  warfare  agents.  Klabunde  et  al.  [1987,1990],  Koper  et 
al.  [1993],  Yong  et  al.  [1991,1992],  Gruber  [1995],  and  Back  et  al.  [1995]  have  documented  the 
use  of  metal  oxide  powders  in  the  destruction  of  hetero-atom  organic  compounds  such  as 
dimethyl  methylphosphonate  (DMMP)  and  halogenated  solvents.  Other  compositions  make  use 
of  transition  metals  to  catalyze  the  destruction  of  the  CW  agent  or  toxin.  For  example,  Leslie  and 
Ward  [1992]  describe  the  effectiveness  of  oxone  (potassium  peroxymonosulfate)  in  the  presence 
of  Co,  Cr  or  Mn  for  the  oxidation  of  sulfur  (S)  contained  in  mustard  gas. 

Other  topical  protectants  make  use  of  polymers  to  neutralize  or  form  a  barrier  to  CW  agents  or 
toxins.  For  example,  silicone  (i.e.,  poly-dimethylsiloxane)  copolymers  have  been  used  in  skin- 
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protecting  formulations  [Sasaki,  1990],  polymerized  alkyl  methacrylates  have  been  proposed  as 
skin  protectants  [Sasaki  and  Saitoh,  1990],  polyethylene  glycol)  methyl  ether  has  been  used  as  a 
reactive  skin  protectant  for  G  and  VX  agents  [Sawyer  et  al.,  1991],  and  partially  etherfied 
polyethylene  glycol)  with  Na  has  also  been  studied  as  CW  protectants.  It  has  also  been 
documented  that  the  alkali  metal  Na  will  react  with  PEG  and  PEG  methyl  ether  to  form  salts 
[Bannard  et  al.,  1991]  which  are  effective  against  CW  agents.  We  suspect  that  the  effect  of  Ca 
and  Mg  will  be  similar  to  Na.  Other  barriers  may  include  Teflon  particulates  in  a  perfluorinated 
ether  as  described  in  the  DoD  SBIR  96.2  solicitation,  Topic  A96-143. 

Physical  barriers  by  polymer  garments  is  also  another  route  for  protection  from  CW  agents. 
Literature  shows  a  range  of  polymers  used  in  conjunction  with  chemical  warfare  agents, 
primarily  for  protection  from  penetration  or  protection  for  instrumentation  and  sensors. 
Polymers  and  other  protective  coating  used  include  PVC  [Jablonska,  1971],  synthetic  rubber 
with  activated  carbon  [Hart,  1972],  and  vinyl  chloride-ethyl  acrylate  copolymers  [Braude  and 
Lard,  1969].  Pal  and  Guy  [1993]  present  permeation  measurements  for  a  variety  of  elastomers 
and  plastics  with  CW  agents.  Of  these,  Nylon,  and  polyethylene  seem  to  present  the  least 
resistance  to  CW  agent  permeability,  and  Viton,  Teflon,  neoprene,  and  polyester  usually  show 
the  highest  resistance  to  penetration.  For  our  application  of  coating  metal  powders,  the  most 
permeable  polymer  would  be  desirable  since  the  CW  agents  must  diffuse  to  and  from  the  surface 
of  the  metal  to  be  neutralized. 
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EXPERIMENTAL  METHODS  AND  MATERIALS 

The  experimental  methods  employed  during  this  research  effort  involved  (1)  the  hydride  cycling 
and  activation  of  the  metal  alloy  materials,  (2)  reaction  of  the  activated  metal  alloy  materials  with 
monomers  and  short-chain  polymers  yielding  “coated  metal  alloys”,  and  (3)  the  reaction  of 
coated  metal  alloys  with  the  simulants  DMMP  or  TDE.  The  flow  chart  for  our  experimental 
evaluation  is  shown  in  Figure  1.  Each  of  these  experimental  procedures  and  the  analytical  tools 
used  to  measure  the  results  are  described  in  subsequent  sections. 


POLYMER 

FIGURE  I  -  Flow  Chart  For  Experimental  Procedure 


Metal  Alloy  Preparation  and  Activation 

The  apparatus  used  to  prepare  the  metal  hydrides  are  shown  in  Figure  2.  This  system  consists  of 
three  separate  knife-edge  flange  304  stainless  steel  reactors  of  about  60  ml  in  volume. 
Approximately  25-50  g  of  coarse  alloy  material  is  added  to  the  reactors,  sealed,  and  evacuated  to 
0.2  torr  or  less  prior  to  introducing  hydrogen.  Hydrogen  overpressure  of  100-500  psia  is 
typically  used  to  activate  the  metal,  the  specific  pressure  being  a  function  of  the  moles  H2  per 
mole  metal  which  can  be  absorbed  and  the  1  L  charging  cylinder  used.  After  the  metal  absorbs 
the  hydrogen,  the  reactor  is  heated  with  a  heater  band  and  evacuated  to  desorb  the  hydrogen. 
This  absorption-desorption  process  is  then  repeated  a  number  of  times  to  decrepitate  the  powder 
to  finer  and  finer  scale,  creating  and  exposing  more  and  more  active  surface  area.  The  final 
result  of  this  process  is  a  very  clean  and  active  metal  interface  on  a  relatively  high  surface  area 
powder.  The  surface  area,  depending  on  the  number  of  absorption-desorption  cycles,  can  range 
from  about  0.1  to  10  m2/g  for  particle  sizes  of  0.1-10  pm. 

At  the  completion  of  the  final  desorption  cycle,  the  alloy  is  either  hydrided  by  a  final  exposure  to 
hydrogen,  or  slowly  exposed  to  air  to  produce  a  clean  metal  oxide  layer  on  the  powder.  This 
final  form,  hydride  or  oxide,  is  then  carried  through  to  the  next  stage  of  the  experiments:  reaction 
with  a  monomer  or  polymer. 
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The  alloys  chosen  for  study  were  Mg2Ni,  TiFe09Mn0 ,,  and  CaNi5.  These  alloys  were 
selected  so  as  to  give  us  the  broadest  range  of  metal  types  (alkaline  &  transition)  and  a  range  of 
potential  catalytic  activity  as  suggested  by  prior  literature.  A  broad  range  of  hydride  equilibrium 
pressures  was  also  a  factor  in  selection  so  that  we  were  able  to  vary  the  residual  hydrogen 
remaining  in  the  material  when  it  was  reacted  with  the  polymer  or  monomer.  For  example, 
Mg2Ni  will  desorb  hydrogen  at  a  pressure  of  14.7  psia  at  a  temperature  of  about  250  C,  whereas 
for  the  same  H2  pressure  CaNi5  must  only  be  heated  to  about  40  C  and  TiFe09Mn0]  to  0  C. 
Other  candidates  considered  include  TiFe,  LaNi5,  Mg2Cu,  Mg2Al3,  Zr(Ni0  95M0  05),  Ti(Fe0  8Ni0  2), 
ZrFej  5Cr0  5  and  LiAl,  where  M  is  a  mischmetal  defined  as  a  combination  of  Ce,  La,  Nd,  Pr  and 
other  rare  earth  metals.  The  3  alloys  selected  cover  the  ordinary  reversible  hydride  pressure- 
temperature  range  (see  Figure  3  described  later). 


FIGURE  2  -  Diagram  of  Activation  and  In  Situ  Polymerization  Coating  System 

(TC=thermocouple;  P=pressure  gage;  VP=vacuum  pressure  gage;  FA=flash  arrestor) 


metal  activation  process 


The  activation  process  is  carried  out  by  cycling  the  metal  alloy  through  successive 
absorption  and  desorption  cycles  with  hydrogen.  The  metal  alloys  selected  are  generally  used  for 
applications  of  hydrogen  storage  or  gettering.  Thus,  these  materials  reversibly  absorb  and  desorb 
hydrogen.  Below  are  the  stoichiometric  reactions  of  the  alloys  with  hydrogen: 
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TiFe0  9Mn0  j  +  H2  TiFe0  9M110  jH2  |qj 

Mg2Ni  +  2H2  <->  Mg2NiH4  ni 

CaNi5  +  3H2  oCaNi5H6 

It  is  important  to  note  that  the  absorption  (forward  reaction)  and  desorption  (backward  reaction) 
do  not  directly  involve  the  consumption  and  evolution  of  diatomic  hydrogen  gas,  but  rather,  an 
intermediate  step  comprising  dissociated  hydrogen: 


H2o2H*  [4] 

where  H*  is  dissociated  hydrogen  present  in  the  bulk  and/or  the  surface  of  the  metal  substrate. 
Therefore,  monatomic  hydrogen  can  be  available  as  reactant  for  polymerization  or  other 
reactions  which  is  a  key  attribute  of  this  research  approach. 


The  reactions  depicted  by  Equations  1-4  are  temperature  and  pressure  dependent  and  typically 
characterized  by  a  van’t  Hoff  plot.  There  is  generally  hysteresis  of  the  absorption  and  desorption 
relations,  however,  Figure  3  summarizes  the  average  equilibrium  pressure  with  temperature 
relationship  for  the  3  alloys  chosen  in  this  Phase  I  research.  The  long-dash  horizontal  line  in  the 
figure  is  ambient  pressure  equal  to  14.7  psia. 


Temperature  (C) 

FIGURE  3  -  Approximate  Hydrogen  Sorption  Equilibrium  Curves  for  3  Metal  Alloys 

(mid-plateau  stoichiometry  and  average  of  desorption  and  absorption  pressures) 

Prior  to  introducing  monomers  or  polymers  to  the  activated  metal  in  the  reactor,  the  metal  is 
either  hydrided  or  oxidized  as  a  final  step.  To  prepare  a  metal  hydride  for  reaction  with  the 
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monomer  or  polymer,  the  metal  is  left  in  a  state  represented  by  the  right  hand  side  of  equations  1- 
3.  If  we  prepared  an  active  oxide,  the  desorbed  metal  alloy  is  slowly  exposed  to  air  so  as  to 
allow  the  oxygen  to  react  with  the  active  metal  and  form  an  oxide.  This  reaction  is  illustrated  by 
equation  5: 

Men  +  |02^Men0x  [5] 

where  Men  represents  some  generic  metal  alloy  such  as  Mg2Ni,  TiFe09Mn0  b  and  CaNi5.  This 
reaction  is  typically  exothermic  and  irreversible.  The  oxide  can,  however,  be  removed  by 
hydriding  the  metal  (which  is  one  purpose  of  the  activation  process)  —  this  forms  H20  on  the 
metal  surface  which  can  be  removed  by  vacuum  and  heat  treatment. 


Reactions  of  Activated  Metal  Alloys  with  Monomers  &  Short-Chain  Polymers 


After  preparing  the  metal  powders  by  the  hydride  cycling  activation  process,  the  metals  were 
then  exposed  to  a  variety  of  monomers  or  short-chain  polymers  in  the  same  reactor  used  for 
hydriding  as  shown  in  Figure  2.  The  resulting  materials  are  then  opened  to  the  ambient,  removed 
from  the  reactor,  sampled,  and  scanned  by  DSC  for  thermal  activity. 


TABLE  1  -  PROPERTIES  OF  POLYMERS  AND  MONOMERS 

COMPOUND 

MW 

(approx.) 

normal 
b.p.  (C) 

melting 
point  (C) 

state  at 

25  C 

methyl  methacrylate 

100 

103 

-48 

LIQ 

perfluoropropylene 

150 

-29 

-156 

GAS 

propylene  glycol  butyl  ether 

132 

171 

no  data 

LIQ 

poly(methyl  methacrylate) 

996,000 

decomp 

274 

SOL 

polypropylene) 

12,000 

decomp 

161 

SOL 

poly(tetrafluoroethylene) 

varies 

decomp 

327 

SOL 

poly(dimethylsiloxane)a 

varies 

decomp 

no  data 

LIQ 

silicone 

varies 

decomp 

>250 

LIQ 

poly(ethylene  glycol) 

-375 

>-10 

LIQ 

poly(ethylene  glycol)  methyl  ether 

350° 

-378 

>  -8 

LIQ 

perfluoropolyether-Xl  75/08 

varies 

-45 

LIQ 

a)  precursor  for  silicone  rubbers,  broad  range  of  molecular  weights 

b)  polyethylene  glycol)  solid  at  room  temperature  when  MW  exceeds  about  600 

c)  polyethylene  glycol)  methyl  ether  solid  at  room  temperature  when  MW  exceeds  about  550 

d)  boiling  range  at  0.05  mm  Hg  vacuum 

selected  monomers  and  short-chain  polymers 

The  monomers  and  polymers  selected  for  our  experiments  are  a  cross-section  of  olefin- 
derived,  glycol,  glycol-ether  compounds,  acrylic,  and  inorganic  siloxanes.  The  polymers  include 
polypropylene,  polyethylene,  Nylon,  poly(methyl  methacrylate),  polyethylene  glycol)  or  PEG, 
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polyethylene  glycol)  methyl  ether,  and  poly(dimethylsiloxane);  the  monomers  used  in  our 
experiments  were  hexafluoropropylene,  methyl  methacrylate,  and  propylene  glycol  butyl  ether. 
These  polymers  and  monomers  were  chosen  in  light  of  our  literature  search  of  metal  and  metal 
oxide  catalyzed  polymerization  reactions  and  the  most  successful  monomers  used  by  other 
researchers.  Some  of  the  short  chain  polymers  were  also  chosen  because  they  are  sometimes 
used  in  protectant  skin  cream  formulations  either  as  an  active  ingredient  or  as  a  base.  Another 
factor  in  our  selection  was  toxicity. 

This  group  of  compounds  gave  us  a  range  of  polymer  and  monomer  types  (olefins,  poly  ethers, 
poly  glycols,  methacrylates),  fluid  states  (gas,  liquid),  and  physical  properties  (melting  points, 
boiling  points,  chemical  resistance).  A  summary  of  these  compounds  and  some  of  their  physical 
properties  is  given  in  Table  1. 


DSC  measurements 

To  determine  the  extent  to  which  the  metal  substrate  has  catalyzed  the  formation  of 
organic  fragments  on  the  metal,  we  employed  differential  scanning  calorimetry  (DSC).  This 
method  detects  thermal  “events”  such  as  polymer  glass  transition,  melting  endotherms  of  solids, 
boiling  endotherms  of  liquids,  fluid  heat  capacity,  oxidation  stability,  purity,  or  heat  of  reaction. 
The  DSC  instrument  used  in  our  lab  is  a  Mettler  DSC  27HP  with  a  Mettler  TCI  1  TA  processor 
running  Mettler  GraphWare  TA72.  This  instrument  can  detect  minute  heat  flow  variations 
(-0.025  mW)  and  is  accurate  to  within  about  0.5  C. 

After  completion  of  the  polymerization  process,  an  aliquot  of  the  25-50  g  metal  alloy  sample  is 
removed  from  the  reactor  and  placed  in  a  40  pL  DSC  sample  pan.  Sample  sizes  ranged  from 
about  10-100  mg.  The  sample  was  then  purged  with  nitrogen  at  0.5 -1.0  L/min  and  scanned  in 
temperature  from  about  30  C  to  the  first  appearance  of  an  endotherm  or  exotherm.  After  the  first 
endotherm  or  exotherm  has  resumed  back  to  a  base  line  the  scan  is  stopped  and  the  sample  is 
allowed  to  cool  back  to  below  this  endotherm  or  exotherm  temperature.  We  then  restart  the  DSC 
scan  to  check  for  the  re-appearance  of  the  endotherm  of  exotherm  and  continue  up  through  the 
next  endotherm  or  exotherm.  This  procedure  was  repeated  until  no  further  endotherms  or 
exotherms  were  detected  or  a  temperature  of  450  C  was  reached.  The  reason  for  this  step-wise 
protocol  was  to  gain  more  information  about  the  source  of  the  endotherm  or  exotherm. 

For  example,  an  endotherm  for  a  methyl  methacrylate  reacted  powder  at  approximately  100  C 
probably  indicates  the  boiling  of  methyl  methacrylate,  and  a  re-scan  should  show  that  this  peak 
disappeared  since  it  will  have  boiled  off.  If  a  peak  is  still  present  in  the  re-scan,  then  it  is 
probable  that  the  endotherm  was  caused  by  polymer  melting  and  re-melting  indicating  that  the 
metal  substrate  has  polymerized  the  monomer.  In  many  cases  we  also  detected  endotherms  or 
exotherms  which  appear  in  the  first  scan,  then  upon  re-scanning  this  peak  disappears  and  another 
appears.  As  another  example,  we  observed  n  predominant  exotherm  for  many  Mg2Ni  powders  at 
approximately  the  temperature  at  which  the  hydrogen  desorption  pressure  would  be  14.7  psia 
(approx.  250  C).  Upon  re-scan,  a  small  endothermic  peak  appeared  at  about  the  same 
temperature,  which  we  believe  to  be  the  endothermic  hydrogen  desorption  reaction,  followed  by 
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a  large  endothermic  peak.  One  interpretation  of  this  event  is  that  the  desorbing  hydrogen  in  the 
presence  of  the  monomer  fluid  caused  an  endothermic  reaction,  presumably  polymerization, 
which  produced  a  product  having  a  melting  and/or  boiling  point  seen  by  the  newly  formed  peak. 


Reactions  of  Coated  Metal  Alloys  with  Simulants  DMMP  &  Thiodiethanol 

Many  of  the  coated  metals  which  showed  thermal  activity  using  the  DSC  (indicating  the  presence 
of  monomer  or  polymer)  were  subjected  to  testing  with  the  CW  simulants  DMMP  and  TDE.  The 
method  used  was  a  custom  LC  technique  developed  specifically  to  ascertain  whether  or  not  the 
coated  metal  produced  a  statistically  significant  neutralization  or  immobilization  of  the  simulant. 
This  involved  an  F-test  between  2  pools  of  data:  one  pool  for  a  baseline  or  “as-received”  powder 
substrate,  and  another  pool  for  a  polymer-reacted  powder  from  the  experiments.  This 
experimental  protocol  was  developed  to  determine  whether  or  not  there  was  a  significant 
neutralization  or  immobilization  of  the  simulant  and  the  approximate  %  neutralization  or 
immobilization. 


chemical  warfare  agent  simulants 

We  selected  two  simulants  for  testing  the  neutralizing  potential  of  the  coated  metal 
powders.  This  selection  was  based  on  a  literature  survey  of  simulants  used  in  past  research 
efforts  and  similarities  in  chemical  structure  and  properties  [Reifenrath  et  al.,  1984;  Copa  and 
Momont,  1995;  Berg  et  al.,  1995;  Blank,  1993;  Davis  et  al.,  1992;  Berg  et  al.,  1995;  Cataldo  et 
al.,  1988;  Pal  et  al.,  1993].  These  properties  include  individual  atoms  (e.g.,  S,  P,  O),  molecular 
fragments  (e.g.,  -0-P=0,  -CH2-S-CH2-,  solubilities,  polarity  or  electronegativity  at  the 
heteroatom,  and  fluid  state  at  room  temperature.  Figure  4  shows  a  molecular  comparison  of 
nerve  agents  and  mustard  gas  to  a  host  of  simulants  suggested  or  used  in  previous  research 
studies.  We  chose  DMMP  and  TDE  based  on  their  favorable  chemical  structure  similarities  to 
their  CW  counterpart,  low  toxicity  relative  to  the  other  simulants,  and  the  arguments  of  Blank 
[1992]  who  also  selected  these  agents  for  supercritical  water  oxidation  studies  and  their 
similarities  in  chemical  and  physical  properties  to  CW  agents. 

(ch3)2cho^_f  (ch3)2n^_cn  ch3o^_cH3 
h3c/  c2h5o/  ch3o/ 

SARIN  (GB)  TABUN  (GA)  DMMP  (simulant) 

b.p  181  C/760  mm 


ch3 

(CH3)3CCHCX. 


h3c 

SOMAN  (GD) 


P-F 


CICH2CH2— s-ch2ch2ci 

MUSTARD  GAS  (HD) 


hoch2ch2-s-ch2ch2oh 

TDE  (simulant) 
b.p.  1 65  C/20  mm 


FIGURE  4  -  Simulants  and  CW  Agent  Analogs 
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liquid  chromatography  method 

We  developed  a  custom  LC  method  to  screen  for  efficacy  of  the  coated  powders 
produced  by  the  monomer  or  short-chain  polymer  reaction  with  the  metal  alloys.  The  equipment 
used  for  these  measurements  were  an  Alltech  HPLC  with  UV/VIS  detector  and  a  Chromjet 
SP4400  integrator. 

The  basis  of  the  method  rests  on  several  assumptions  and  they  are  as  follows: 

1)  The  load  of  DMMP  and  thiodiethanol  on  the  metal  will  not  exceed  five 
percent  of  the  total  weight, 

2)  the  reaction  time  is  quick,  less  than  1 5  minutes, 

3)  the  compounds  are  fully  extractable  by  acetonitrile  or  water  from  the  metallic 
surface, 

4)  that  there  are  no  reactions  between  DMMP  and  thiodiethanol  and  acetonitrile 
or  water,  and 

5)  both  DMMP  and  thiodiethanol  can  be  analyzed  reliably  using  HPLC. 


A  sample  is  processed  by  first  obtaining  a  known  amount  of  metal  sample  (usually  about  2.0  - 
2.5  grams)  and  putting  it  into  a  10  mL  volumetric  cleaned  dry  flask.  Then,  two  to  three  drops  of 
DMMP  or  thiodiethanol  (a  mass  of  0.02  to  0.06  grams)  is  added  and  weighed  to  the  nearest 
0.0001  gram.  This  will  bring  the  percent  DMMP  or  thiodiethanol  relative  to  the  total  weight  to 
between  1  and  5  percent.  The  DMMP  or  thiodiethanol  is  shaken  with  the  metal  solid  to  insure 
complete  mixing  and  left  to  stand  for  1 5  minutes,  after  which  acetonitrile  or  water  is  added  to  the 
10  mL  mark  on  the  volumetric  flask.  The  acetonitrile  or  water  is  then  filtered  with  a  0.45  mm 
filter,  injected  into  the  HPLC  and  analyzed  for  concentration  of  either  DMMP  or  thiodiethanol. 
The  concentrations  are  calculated  as  grams  of  sample  per  injection  loop  (20  mL).  To  obtain 
percent  concentration  of  either  simulant,  the  area  of  the  peak  representing  either  simulant  is  used 
as  a  factor  in  a  calibration  equation  yielding  grams  of  sample  per  injection  loop.  The  formula  for 
calculating  the  percent  concentration  is  shown  below: 


%  simulant  = 


(grams  injected)  •  (10  ml  extraction  vol.) 
(0.02  ml  injection  vol)  •  (sample  weight,  grams) 


[6] 


Conditions  were  optimized  for  both  DMMP  and  TDE  on  the  HPLC.  For  DMMP,  a  mobile  phase 
of  20%  acetonitrile  and  water  was  passed  through  a  PRP-1  Hamilton  column  at  a  rate  of  1.0  mL 
per  minute.  Peaks  were  found  using  a  UV/VIS  detector  set  at  200  nm  with  a  retention  time  of 
approximately  1  minute.  For  thiodiethanol,  a  mobile  phase  of  deionized  water  was  passed 
through  a  PRP  -  X400  column  at  a  rate  of  1 .5  mL  per  minute.  Peaks  were  found  using  a  UV/VIS 
detector  set  at  225  nm  with  a  retention  time  of  approximately  5.5  minutes. 

Final  results  were  calculated  as  a  percent  recovery  of  measured  simulant  quantity  using  HPLC 
and  the  above  equation  divided  by  the  percent  simulant  actually  mixed  with  the  metal. 
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Accordingly,  fifteen  to  20  measurements  per  sample  was  selected  to  develop  the  statistical 
comparisons  between  the  “raw  powder”  and  the  polymer-reacted  powders.  Twenty  analyses  per 
sample  was  deemed  a  reasonable  number  based  on  the  desired  level  of  confidence  (95%)  and 
inherent  variability.  The  15-20  sample  size  requirement  for  these  tests  (the  minimum  size  for 
producing  statistically  significant  results)  directly  follows  published  statistical  procedures 
[Revelle,  1990].  Since  there  is  considerable  variation  of  HPLC  results  for  the  DMMP  analysis, 
many  repeats  were  necessary  to  certify  statistical  differences  of  the  polymer-reacted  samples 
relative  to  the  raw,  un-activated  powder. 

Statistical  comparisons  were  done  using  Analysis  of  Variance  (ANOVA),  a  method  that 
compares  the  sums  of  squares  (square  of  difference  between  samples  and  the  mean)  within  a 
group  and  its  mean  to  the  sums  of  squares  (square  of  difference  between  samples  and  the  grand 
mean  of  all  samples)  between  groups.  The  ratio  of  these  two  numbers  is  also  known  as  the  F 
value,  and  the  test  is  the  F-test.  If  the  difference  between  groups  is  significantly  greater  than  the 
difference  within  a  group  (large  value  for  F)  and  the  value  is  greater  than  the  critical  F-value 
(Fcrit)  published  in  statistics  table,  then  the  two  data  groups  are  different  with  a  specific 
probability.  The  “groups”  we  are  referring  to  here  are  (1)  the  LC  data  group  generated  for  the 
raw  powder,  and  (2)  the  LC  data  group  of  the  polymer-reacted  powder  of  the  specific 
experiment. 
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RESULTS 


Experimental  Matrices 

The  experimental  matrices  used  to  evaluate  the  polymerization  experiments  and  CW  simulant 
neutralization  or  immobilization  are  shown  in  Appendix  A.  The  “thermal  activity”  and  “peak 
count”  of  a  particular  combination  of  reaction  temperature,  monomer  specie,  monomer  pressure, 
and  metal  alloy  was  graded  on  the  semi-quantitative  scale.  The  thermal  activity  takes  into 
account  the  height  of  the  thermal  peak  (an  indicator  of  the  amount  of  polymer  or  organic 
compound  present),  and  the  temperature  range  in  which  the  peak  appears.  The  peak  count  is  not 
biased  by  the  size  of  the  peak  which  can  be  affected  by  the  weight  of  the  sample  used.  Both  of 
these  parameters  correlate  to  roughly  the  same  experiments  as  having  the  greatest  DSC  activity, 
and  we  therefore  conclude  that  for  our  semi-quantitative  assessment  either  parameter  will  be 
representative. 

With  regard  to  the  feasibility  grading,  we  analyzed  each  DSC  scan  and  assigned  values  to  the 
importance  of  peaks  in  3  different  temperature  ranges.  The  first  temperature  range,  50-110  C,  is 
deemed  insignificant  since  the  thermal  activity  in  this  region  is  most  likely  a  result  of  boiling 
water  residue  or  boiling  monomer.  The  second  “region”  of  thermal  activity  was  assigned  to  110- 
250  C.  This  temperature  range  would  host  thermal  activity  associated  with  most  polymer  melts 
and  higher  molecular  weight  organic  compounds  boiling.  The  highest  temperature  range,  250- 
450  C,  would  encompasses  the  melting  of  some  polymers  such  as  those  derived  from 
perfluorinated  olefins  (e.g.,  Teflon) ,  the  boiling  of  large  molecular  weight  organics.  The  entire 
range  from  110-450  C  would  also  show  any  exotherms  associated  with  polymerization,  and 
outside  the  temperature  of  about  400  C  or  possibly  lower  most  organics  will  decompose  or 
pyrolyze. 

Using  this  rating  system,  we  use  statistical  evaluation  of  the  experimental  matrices  using  Taguchi 
methods  to  determine  the  variables  which  have  the  greatest  influence  on  the  “response”,  which  in 
this  case  is  the  feasibility  parameters.  Overall,  the  most  influential  “factors”  in  producing  an 
active  thermal  scan  (“response”),  hence,  the  production  of  polymers  or  longer  chain  monomers 
from  the  monomers  or  short-chain  polymers  was  the  monomer  or  polymer  reactant  and  whether 
or  not  the  materials  was  kept  in  a  hydrided  state  for  the  reaction.  The  hydride  effect  was 
hypothesized  prior  to  the  experiments  since  monatomic  H  (in  the  form  of  H+  or  free-radical  H) 
will  be  present  near  or  at  the  surface  of  the  metal  during  desorption  and  absorption,  and  available 
as  a  possible  source  to  fuel  polymerization  or  reduction  reactions. 


Polymerization  Results  via  DSC 

The  Taguchi  orthogonal  array  experimental  results  for  the  experiments  in  Appendix  A  are 
summarized  in  Appendix  B.  DSC  scans  measured  for  the  experiments  of  Appendix  A  are  shown 
in  Appendix  C.  Table  2  also  summarizes  the  data  by  experiment.  Below  is  a  summary  and 
discussion  of  the  results  for  each  experimental  set. 
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TABLE  2 

-  DSC  Thermal  Activity  Results3 

Endotherms-T(C) 

Exotherms-T(C) 

DSC  peaks: 
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50- 

110- 

250- 
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110- 

250- 
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thermal 

no 

250 

450 

110 

250 

450 

countb 

activity15 

CaNi-1 

IS 

0 

0 

CaNi-2 

1L 

0 

0 

CaNi-3 

- 

- 

- 

- 

0 

0 

CaNi-4 

* 

- 

- 

- 

- 

0 

0 

CaNi-5 

1M 

IS 

1 

1 

CaNi-6 

1M 

IS 

1 

1 

CaNi-7 

1M 

IS 

1 

1 

CaNi-8 

1L 

0 

0 

TiFeMn-1 

1M 

0 

0 

TiFeMn-2 

IS 

0 

0 

TiFeMn-3 

- 

- 

- 

- 

- 

0 

0 

TiFeMn-4 

- 

- 

- 

- 

0 

0 

TiFeMn-5 

1M 

1L 

IS 

2 

11 

TiFeMn-6 

1M 

1L 

IS 

2 

11 

TiFeMn-7 

- 

- 

“ 

- 

0 

0 

TiFeMn-8 

IS 

1 

1 

MgNi-1 

1M 

0 

0 

MgNi-2 

IS 

0 

0 

MgNi-3 

1M.1L 

2 

15 

MgNi-4 

1M 

1L 

2 

15 

MgNi-5 

1L 

2S.1M 

1M,1L 

5 

22 

MgNi-6 

1M 

2S.1M 

1L 

4 

17 

MgNi-7 

2S.1M 

1L 

4 

17 

MgNi-8 

IS 

1M,1L 

3 

16 

DLC-1 

IS 

1 

1 

DLC-2 

IS 

IS 

1S,1M 

3 

8 

DLC-3 

IS 

1 

0 

DLC-4 

3S 

is 

IS 

5 

5 

DLC-5 

IS 

1 

1 

DLC-6 

3S 

1M 

4 

8 

DLC-7 

IS 

IS 

1M 

1L 

4 

17 

DLC-8 

IS 

IS 

1S.2M 

1M 

5 

17 

a)  thermal  activity  parameter  based  on  scale:  S= 

=1,  M=5, 

L=10  .... 

excludes  the  50-1 1 0  C 

column;  peak  count  is 

equal  to  the  number  of  peaks,  regardless  of  size,  excluding  50-1 10  C 

b)  Legend:  S= 

small  peak  (0-5  mW);  M=medium  peak  (5-25  mW);  L=large  peak  (>20  mW) 

CaNi5  Oxide  Substrates  (CaNi-1  through  CaNi-4):  The  conditions  and  experimental  array  for 
this  series  is  shown  in  Table  A-l  (Appendix  A),  experimental  results  are  summarized  in 
Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  Referring  to  the  scans  for 
experiments  CaNi-1  through  CaNi-4,  we  see  a  primary  endotherm  at  about  10  C  +/-  10  C  for  the 
methyl  methacrylate  runs,  and  no  discernible  peaks  for  the  perfluoropropylene  runs.  Re-scans  do 
not  show  any  reoccurring  peaks.  We  conclude  from  this  that  little,  if  any,  monomer  has  been 
polymerized  by  these  substrates.  Note  that  the  normal  boiling  point  of  methyl  methacrylate  is 
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—100  C.  The  Taguchi  ANOVA  analysis  of  the  results  is  given  in  Appendix  B.  This  evaluation 
will  identify  the  significant  variables  or  “factors”  which  contribute  most  significantly  to  the 
“response,”  which  in  this  case  is  the  DSC  “thermal  activity”  parameter  described  in  Table  2.  For 
this  group  of  experiments,  no  significant  differences  in  responses  were  observed. 

CaNis  Hydride  Substrates  (CaNi-5  through  CaNi-8):  The  conditions  and  experimental  array 
for  this  series  is  shown  in  Table  A-2  (Appendix  A),  experimental  results  are  summarized  in 
Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  These  experiments  produced 
a  metal  substrate  comprised  of  a  metal  hydride  of  the  alloy.  Consequently,  hydrogen  (both 
monatomic  and  diatomic)  will  be  present  as  a  reactant  at  the  surface  of  the  metal  and  in  the  vapor 
space.  Both  experiments  CaNi-7  and  CaNi-8  show  an  endotherm  at  74-83  C.  Since  the  melting 
and  boiling  point  of  perfluoropropylene  are  -156  C  and  -29  C,  respectively,  this  peak  is  can  not 
be  associated  with  the  monomer.  This  endotherm,  whether  melting  or  boiling,  suggests  the 
presence  of  a  longer  chain  organic  which  must  be  a  polymerization  or  reaction  product  of 
perfluoropropylene.  We  surmise  that  the  polymerized  product  of  this  monomer  would  have 
characteristics  related  to  PTFE  or  tetrafluoropolyethylene  [-CF2CF2-]n,  polypropylene  [- 
CH2CH(CH3)-]n,  and  polyvinyl  fluoride  [-CH2CF2-]n  since  hydrogen  may  be  present  in  the  metal 
substrate  bulk  to  act  as  free  radical.  Experiment  CaNi-7  also  shows  an  exothermic  peak  at  about 
343  C.  The  origin  of  this  peak  is  unclear,  but  it  may  represent  the  exothermic  decomposition  of 
the  compound  associated  with  the  lower  temperature  endotherm.  Experiments  CaNi-7  and  CaNi- 
8  were  reported  on  in  Monthly  Technical  Report  #4  [Back,  1996-97].  The  powder  of  Experiment 
CaNi-8  has  also  been  tested  in  neutralization  studies  with  DMMP  and  2,2’-thiodiethanol.  Both 
CaNi-5  and  CaNi-6  powders  show  an  endotherm  at  low  temperatures  (75-100  C),  probably 
associated  with  the  boiling  of  moisture  or  methyl  methacrylate  (b.p.  =  103  C),  followed  by  an 
exotherm  at  elevated  temperatures  (-370  C).  This  exotherm  is  interpreted  as  a  reaction,  either 
polymerization  of  decomposition  of  an  organic  substance  present  on  the  powder.  In  either  case, 
the  presence  of  an  exotherm  suggests  that  an  organic  phase/compounds  is  probably  present. 

The  Taguchi  ANOVA  analysis  of  the  results  are  also  given  in  Appendix  B.  For  this 
experimental  set,  there  was  no  predominantly  significant  “factor”  producing  the  DSC  “thermal 
activity”  variable  defined  in  Table  2. 

Mg2Ni  Oxide  Substrates  (MgNi-1  through  MgNi-4):  The  conditions  and  experimental  array 
for  this  series  is  shown  in  Table  A- 5  (Appendix  A),  experimental  results  are  summarized  in 
Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  Referring  to  experiments 
MgNi-1  through  MgNi-4  we  see  the  appearance  of  the  -100  C  endotherm  for  the  methyl 
methacrylate  experiments.  For  the  perfluoropropylene  experiments  (MgNi-3  &  MgNi-4)  two 
endotherms  at  higher  temperatures  are  found.  The  first  endotherm  is  at  approx.  246-262  C  and 
the  second  endotherm  is  at  355-368  C.  We  surmise  that  the  polymerized  product  of  this 
monomer  would  have  characteristics  related  to  PTFE  or  tetrafluoropolyethylene  [-CF2CF2-]n, 
since  the  monomer  for  both  polymers  is  a  perfluoro-olefm.  Since  PTFE  (“Teflon”)  has  a  very 
high  melting  point  (327  C)  relative  to  other  polymers,  we  suspect  that  polymerized 
perfluoropropylene  would  behave  similarly.  Therefore,  the  lower  temperature  endotherm  present 
in  MgNi-3  and  MgNi-4  could  be  associated  with  polymer  melting  (which  suggests  that 
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polymerization  did  occur)  and  the  higher  temperature  endotherm  is  the  boiling  of  the  liquid 
polymer.  However,  when  the  materials  shown  in  the  DSC  scans  were  re-scanned  up  through  the 
first  endotherm,  cooled,  and  continued  scanning  to  450  C  the  second  endotherm  was  still  present. 
This  suggests  that  the  two  peaks  are  unrelated.  Another  interpretation  is  that  the  first  endotherm 
is  residual  hydrogen  desorption  when  the  hydrogen  equilibrium  pressure  is  approximately  1  atm. 
The  second  endotherm  may  be  product  formed  from  the  reaction  of  this  desorbing  hydrogen  with 
the  monomer/polymer  present  around  the  particles.  The  Taguchi  ANOVA  analysis  of  the  results 
is  given  in  Appendix  B.  The  analysis  identifies  the  monomer  perfluoropropene  as  the  most 
significant  contributor  to  producing  a  thermal  activity.  We  translate  this  to  mean  that 
perfluoropropene  has  the  greatest  polymerization  potential  with  Mg2Ni.  The  effects  of  varying 
temperature  and  monomer  pressure  were  insignificant  relative  to  the  polymer  type. 

Mg2Ni  Hydride  Substrates  (MgNi-5  through  MgNi-8):  The  conditions  and  experimental  array 
for  this  series  is  shown  in  Table  A-6  (Appendix  A),  experimental  results  are  summarized  in 
Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  This  hydrided  substrate  has 
produced  the  most  interesting  thermal  behavior  of  all  the  materials.  In  experiment  MgNi-5,  we 
observed  what  is  probably  a  boiling  endotherm  for  methyl  methacrylate  at  about  1 02  C,  followed 
by  a  series  of  endotherms  at  elevated  temperature  (230-260  C),  and  a  rather  large  endotherm  at 
407  C.  We  believe  that  the  endotherms  at  about  238  C,  which  appear  in  Crv3,  Crv4,  and  Crv5 
for  MgNi-5  in  Appendix  B,  are  associated  with  hydrogen  desorption.  The  origin  of  the  peak  at 
407.5  C  is  speculative,  but  may  be  a  result  of  long-chain  organic  boiling  or  melting.  This  peak 
does  not  seem  to  be  associated  with  the  metal  or  metal  hydride,  so  we  presume  it  has  organic 
origin.  Experiment  MgNi-6  is  very  similar  to  CaNi-5  with  a  series  of  peaks  at  around  240  C,  and 
anther  at  404.6  C.  The  interpretation  is  similar.  Experiments  MgNi-7  and  -8  used 
perfluoropropene  as  the  reactant  monomer.  The  peaks  at  around  240  C  appear  also  for  these 
experiments,  however,  a  peak  at  335  and  356  appear  rather  than  at  404-408  C.  This  confirms 
that  the  monomer-related  products  formed  from  the  methyl  methacrylate  and  perfluoropropene 
reaction  are  different  (as  they  should  be).  The  size  of  the  peaks  at  335  and  356  C  also 
demonstrate  that  a  large  amount  of  the  compound  is  present. 

The  Taguchi  ANOVA  analysis  of  the  results  are  also  given  in  Appendix  B.  For  this 
experimental  set,  there  was  no  predominantly  significant  “factor”  producing  the  DSC  “thermal 
activity”  variable  defined  in  Table  2.  The  analysis  identifies  a  similar  contribution  to  the  DSC 
thermal  activity  by  all  three  variables,  reaction  T,  monomer  pressure,  and  monomer  type.  We 
conclude  that  all  are  important  for  this  Mg2Ni  hydride.  It  may  be  more  significant  that  the  alloy 
is  hydrided  which  masks  any  effect  of  the  other  variables.  This  seems  to  be  supported  by  the 
relative  difference  in  DSC  feasibility  numbers  between  the  Mg2Ni  oxide  and  Mg2Ni  hydride 
experiments. 

TiFe09Mn01  Oxide  Substrates  (TiFeMn-1  through  TiFeMn-4):  The  conditions  and 
experimental  array  for  this  series  is  shown  in  Table  A-3  (Appendix  A),  experimental  results  are 
summarized  in  Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  Referring  to 
the  scans  for  experiments  TiFeMn-1  through  TiFeMn-4,  we  see  a  primary  endotherm  at  about  10 
C  +/-  10C  for  the  methyl  methacrylate  runs,  and  no  discernible  peaks  for  the  perfluoropropylene 


AM //VS 


Contract  DAMD17-97-C-7017,  FINAL  REPORT 


page  20 


This  document  contains  OTMMHMmiMMM’ROPRIET ARY  information  of  Mainstream  Engineering  Corporation  and  cannot  be 
used,  duplicated  or  disclosed,  in  whole  or  in  part,  except  with  the  expressed  written  permission  of  Mainstream. 


runs.  Re-scans  do  not  show  any  reoccurring  peaks.  We  conclude  from  this  that  little,  if  any, 
monomer  has  been  polymerized  by  these  substrates.  The  Taguchi  ANOVA  analysis  of  the  results 
is  given  in  Appendix  B.  For  this  group  of  experiments,  no  significant  differences  in  responses 
were  observed. 

TiFe09Mn01  Hydride  Substrates  (TiFeMn-5  through  TiFeMn-8):  The  conditions  and 
experimental  array  for  this  series  is  shown  in  Table  A-4  (Appendix  A),  experimental  results  are 
summarized  in  Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  The 
experiments  involving  methyl  methacrylate  (TiFeMn-5  and  TiFeMn-6)  showed  similar  behavior: 
an  endotherm  at  approximately  103.5  C,  assumed  to  be  the  boiling  of  methyl  methacrylate, 
followed  by  another  endotherm  at  143  or  135  C.  This  second  endotherm  is  interpreted  as  a 
melting  or  boiling  endotherm  of  another  organic  compound.  The  sharpness  of  the  peak  also 
indicates  a  relatively  pure  phase  (i.e.,  not  a  broad  melting  or  boiling  as  would  be  expected  with  a 
range  of  molecular  weight  compounds).  There  also  appears  to  be  a  slight  exotherm  for  these  two 
experiments  at  higher  temperatures  (~  350  C).  None  of  these  peaks  should  be  associated  with 
metal  hydride  desorption  since  the  hydrogen  desorption  pressure  at  temperatures  greater  than  25 
C  exceed  40  psia.  Consequently,  the  chemical  potential  of  the  hydrogen  present  the  metal  lattice 
will  be  very  large  even  at  room  temperature,  and  the  metal  should  easily  desorb  before  the 
temperature  of  140  C  is  reached  (equilibrium  hydrogen  pressure  at  140  C  is  greater  than  1000 
psia).  Experiments  TiFeMn-7  and  -8  with  perfluoropropene  show  little  or  no  thermal  activity, 
except  for  a  slight  endotherm  for  TiFeMn-8  at  ~  156  C. 

The  Taguchi  ANOVA  analysis  of  the  results  is  given  in  Appendix  B.  The  analysis  identifies  the 
monomer  methyl  methacrylate  as  the  most  significant  contributor  to  producing  thermal  activity. 
We  translate  this  to  mean  that  methyl  methacrylate  has  the  greatest  polymerization  potential  with 
TiFe0  9Mn0 j.  The  effects  of  varying  temperature  and  monomer  pressure  were  less  significant 
relative  to  the  polymer  type. 

Direct  Powder/Liquid  Contacting  (DLC-1  through  DLC-8):  The  conditions  and  experimental 
array  for  this  series  is  shown  in  Table  A-7  (Appendix  A),  experimental  results  are  summarized  in 
Appendix  B,  and  the  raw  data  DSC  scans  are  given  in  Appendix  C.  These  experiments  first 
produced  a  metal  substrate  comprised  of  a  metal  hydride  of  the  alloy,  followed  by  exposure  to  a 
variety  of  monomers  and  short-chain  polymers  which  are  liquids  at  room  temperature.  At  the 
completion  of  the  reaction  between  the  fluids  and  the  metal  alloy  substrates,  the  reactor  is  opened 
and  any  excess  fluid  is  drained  off.  Note  that  because  of  this  preparation  technique,  hydrogen, 
both  monatomic  and  diatomic,  will  be  present  as  a  reactant  at  and/or  near  the  metal  surface. 

The  DSC  scans  of  DLC-1  show  negligible  thermal  activity.  The  material  used  in  experiment 
DLC-1  was  poly(dimethylsiloxane).  Since  the  polymerization  of  this  category  of  polymers 
(silicones)  usually  involves  water  as  a  reactant  [Ulrich,  1993],  the  additional  experiments  using 
this  materials  will  include  5%  water  by  weight  before  introducing  to  the  activated  metal 
substrate. 
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Referring  to  DLC-2,  the  product  of  Mg2NiH2  with  polyethylene  glycol)  and  5%  water  shows 
several  endotherm  peaks  (water  is  added  as  a  potential  initiator  in  the  polymerization  reaction). 
The  first  peak  appearing  at  about  242  C  could  be  related  to  hydrogen  desorption.  The  peak  at 
291  C  is  interpreted  as  a  reaction,  and  the  peak  at  394  is  probably  the  boiling  endotherm  for 
polyethylene  glycol)  measured  by  DSC  to  be  about  375  C.  Experiment  DLC-3  used  a  low- 
molecular  weight  silicone  polymer,  poly(dimethylsiloxane)  with  5%  water  as  polymerization 
initiator.  The  scan  shows  little  or  no  thermal  activity. 

DLC-4  shows  several  exothermic  and  endothermic  peaks.  The  first  exothermic  peak  of  scan 
“Crv  2”  shows  an  exotherm  at  about  210  C,  and  successive  scans  show  endotherms  at  about  240 
C  which  we  will  contribute  to  hydrogen  desorption.  A  high  temperature  exotherm  at  377  C  is 
also  found  for  this  material.  The  two  exothermic  peaks  for  DLC-4  are  related  to  reactions 
between  the  metal  and  the  short-chain  polymers:  One  interpretation  is  that  the  exotherm  at  209  C 
is  the  formation  of  a  longer-chain  compound  which  is  later  exothermically  decomposed  at  377  C. 
Experiment  DLC-5  is  a  scan  of  the  product  of  TiFe0  9Mn01Ox  and  polyethylene  glycol)  and 
water.  Little  if  any  thermal  activity  is  observed. 

The  product  from  experiment  DLC-6  shows  a  very  strong  exothermic  peak  at  about  213  C  along 
with  a  series  of  endothermic  peaks  around  238  C.  Again,  we  interpret  the  exothermic  peak  as  the 
formation  of  compounds  from  the  polymer  reactant,  and,  the  peaks  at  about  238  C  as  hydrogen 
desorption. 

Experiment  DLC-7  resulted  in  several  exothermic  and  endothermic  peaks.  Exotherms  appear  at 
about  233  C  and  333  C.  Based  on  the  hydrogen  equilibrium  behavior  of  the  Mg2Ni  alloy,  we 
deduce  that  the  233  C  exotherm  is  related  to  hydrogen  desorption  from  the  metal.  Since  the 
desorption  process  itself  is  endothermic,  this  peak  could  be  an  exothermic  reaction  with  the 
desorbing  hydrogen  masking  the  desorption  endotherm.  The  re-scan  supports  this  theory  since 
an  endotherm  does  appear  at  approximately  240  C,  near  the  1  atm  hydrogen  desorption  pressure 
expected  for  the  hydride  material.  The  endotherm  at  333  C  is  more  difficult  to  interpret, 
especially  since  an  endotherm  appears  upon  re-scan  at  approximately  the  same  temperature.  The 
exotherm  may  represent  a  reaction  of  polymerization,  and  the  endotherm  on  the  re-scan  could  be 
a  melting  or  boiling  of  this  product. 

Finally,  experiment  DLC-8  shows  a  strong  exothermic  peak  at  about  174  C.  This  is  interesting 
because  the  boiling  point  (which  would  be  an  endotherm)  is  at  about  the  same  temperature  (171 
C).  Therefore,  the  vaporization  of  the  propylene  glycol  butyl  ether  seems  to  initiate  some  type  of 
reaction,  presumably  with  the  metal  substrate.  A  broad  endothermic  peak  is  also  measured  at 
around  286  C,  which  could  be  the  boiling  or  melting  of  a  product  formed  at  the  lower 
temperature. 

We  also  compared  the  effect  of  powder  scale  on  the  DSC  “thermal  activity”.  Experiments  CaNi- 
8,  TiFeMn-5,  and  DLC-8  were  repeated  with  a  finer  scale  starting  material.  The  DSC  scans  for 
these  powders  were  similar  to  the  scans  for  the  larger  scale  starting  material.  These  particular 
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samples  were  also  submitted  to  the  U.S.  Army  Medical  Institute  for  Chemical  Defense  for 
independent  testing  with  barrier  cream  formulations. 

Finer  Powders  Sent  to  U.S.  Army  Medical  Research  ICD  for  Barrier  Cream  Tests:  3  sets  of 
powders  were  prepared  and  sent  to  the  U.S.  Army  Medical  Research  Institute  for  Chemical 
Defense  for  independent  testing  in  barrier  cream  formulations.  As  of  June  11,  1997,  the  results 
for  these  tests  are  still  pending.  DSC  scans  were  performed  on  these  powders  to  verify  that  the 
reaction  process  and  products  formed  were  similar  to  those  observed  for  the  coarser  powders 
produced  in  the  earlier  experiments.  As  shown  in  Appendix  C,  these  scans  are  similar  to  their 
coarser  powder  analogs:  CaNi-8  (fine)  compared  to  CaNi-8,  DLC-8  (fine)  compared  to  DLC-8, 
and  TiFeMn-5  (fine)  compared  to  TiFeMn-5.  The  fine  powders  which  were  not  reacted  with  the 
monomer  or  polymer  were  also  scanned  revealing  little  or  no  DSC  peaks  in  contrast  to  the  same 
powders  reacted  with  a  monomer  or  polymer.  From  this  we  conclude  that  the  peaks  are  not 
directly  related  to  hydrogen  desorption  or  other  compounds  in  the  raw  material,  and  that  the 
compound(s)  producing  the  endotherms  and  exotherms  are  something  other  than  the  reactants. 
Due  to  time  restraints,  these  materials  were  not  analyzed  via  HPLC  to  compare  their 
neutralization/immobilization  capability  toward  TDE  and  DMMP  with  the  equivalent  coarser 
powders  produced  in  earlier  experiments.  We  assume  that  the  similarities  of  DSC  thermal 
activity  will  correlate  to  similar  neutralization  potential. 

Simulant  Neutralization  Results  via  LC 

The  LC  raw  data  and  statistical  analysis  for  selected  experiments  of  Appendix  A  with  relatively 
large  values  of  thermal  activity  and  peak  counts  are  shown  in  Appendix  D.  Table  3  also 
summarizes  the  results  by  experiment  where  F  is  a  measure  of  significant  difference  between  the 
raw  material  and  the  monomer/polymer  reacted  material.  Fcrit  is  a  cutoff  defined  statistically  for 
a  particular  degree  of  confidence  and  number  of  data  points  in  the  data  set.  Any  value  of  F  larger 
than  Fcrit  indicates  that  the  difference  between  the  two  data  sets  is  significant.  Of  the  material 
combinations  summarized  in  Table  3,  the  TiFe09Mn01H  +  methyl  methacrylate  shows  the 
highest  overall  immobilization  percentage  and  also  the  highest  F  values.  The  Mg2NiH2  and 
perfluoropropene  combinations  were  the  least  effective  and  least  significant.  The  CaNi5H3  + 
perfluoropropene  and  the  Mg2NiH2  +  PGBE  combinations  showed  a  fairly  significant 
immobilization  of  the  DMMP  but  was  ineffective  toward  the  TDE. 

Experiments  were  also  performed  to  check  the  independent  effect  of  the  monomer  on  the 
immobilization  or  neutralization  of  TDE  and  DMMP.  We  measured  no  significant  reduction  in 
DMMP  or  TDE  when  exposing  the  simulants  to  methyl  methacrylate  and  propylene  glycol  butyl 
ether  mixed  with  an  “inert”  solid  substrate  of  molecular  sieves.  We  conclude  that  the  reduction  in 
DMMP  and  TDE  measure  via  HPLC  is  a  result  of  the  metals  substrate  activity  and/or  organic 
products  produced  from  the  reaction  of  the  metal  substrate  with  the  monomer  or  polymer. 

Figure  5  is  an  illustration  of  the  HPLC  scans  used  to  generate  the  results  of  Table  3.  The  lull  set 
of  scans  for  all  of  the  experiments  and  repetitions  are  not  included  in  this  Final  Report  due  to  the 
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volume,  however,  this  data  is  located  in  the  Chemical  System  Division’s  analytical  lab  filed  by 
date,  and  is  available  upon  request  by  the  Army. 


TABLE  3  -  Summary  of  HPLC  Neutralization/Immobilization  Experiments 

EXP’T 

MATERIALS 

No.  data 
pts. 

Fcrit 

F 

immobilization  or 
neutralization*  (%) 

TiFeMn-5 

TiFe0  9Mn01H  +  methyl  methacrylate 

15 

4.2 

343 

22  (TDE) 

TiFeMn-5 

TiFe0  9Mn0 ,  +  methyl  methacrylate 

20 

4.1 

258 

97  (DMMP) 

MgNi-8 

Mg2NiH2  +  perfluoropropene 

15 

4.2 

0.1 

0  (TDE) 

MgNi-8 

Mg2NiH2  +  perfluoropropene 

20 

4.1 

1.1 

0  (DMMP) 

CaNi-8 

CaNi5H3  +  perfluoropropene 

20 

4.1 

0.9 

2  (TDE) 

CaNi-8 

CaNi5H3  +  perfluoropropene 

20 

4.1 

33 

66  (DMMP) 

MgNi-5 

Mg2NiH2  +  methyl  methacrylate 

15 

mm 

1.2 

3  (TDE) 

MgNi-3 

Mg2NiOx  +  perfluoropropene 

15 

mm 

12 

0  (DMMP) 

MgNi-3 

Mg2NiOx  +  perfluoropropene 

15 

mm 

0.19 

0  (TDE) 

DLC-8 

Mg2NiH2  +  propylene  glycol  butyl  ether 

20 

4.1 

18 

45  (DMMP) 

*  relative  to  the  raw  material  (not  treated  with  hydride  cycling  or  exposed  to  monomers 

or  polymers) 

Figure  5  illustrates  a  comparison  of  HPLC  scans  for  experiment  CaNi-8  and  CaNi5  raw  material. 
The  peaks  confirmed  to  be  DMMP  via  spike  addition  are  located  at  retention  times  between  0.8 
and  0.85  minutes.  Note  that  there  are  negative  and  positive  peaks  in  this  range.  We  used  both 
the  negative  and  positive  peaks  for  determining  the  DMMP  neutralized  or  immobilized,  both 
yielding  approximately  the  same  results.  The  presence  of  the  two  peaks  is  most  likely  a 
chromatographic  effect  associated  with  enriched  acetonitrile  and  enriched  DMMP  zones  within 
the  “plug”  of  DMMP  which  emerges  from  the  column.  Most  notably,  there  is  a  significant 
reduction  in  the  peaks  at  0.8-0.85  minutes  between  the  two  scans,  especially  when  considering 
the  fact  that  the  CaNi-8  materials  was  exposed  to  about  2  times  as  much  DMMP  compared  to  the 
raw  material. 

The  larger  peaks  at  1.5  minutes  and  4.3  minutes  are  associated  with  organic  impurities  of  the 
metal  alloy  or  eluent.  This  is  evident  from  the  scans  of  Figure  5  since  the  concentration  of 
DMMP  used  is  double  for  the  case  of  the  CaNi-8  material  (Fig.  5b)  with  no  apparent  change  in 
peak  height.  If  these  peaks  were  by-products,  one  would  expect  them  to  change  in  proportion  to 
the  amount  of  DMMP  used. 

The  peak  at  around  2  minutes  and  the  shoulder  at  about  0.96-0.97  minutes  is  probably  associated 
with  DMMP  impurities  since  their  size  increase  when  using  more  DMMP.  Since  these  peaks  are 
present  even  with  the  raw  material  (i.e.,  no  hydride  treatment  or  polymer/monomer  coating),  they 
are  probably  not  associated  with  by-products  or  organics  produced  by  the  metal  + 
perfluoropropene  reaction. 
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FIGURE  5  -  HPLC  Scans  Comparison:  (a)  1.75%  DMMP  with  raw  material  CaNi5,  (b) 
3.51%  DMMP  with  powder  of  Experiment  CaNi-8 


a 
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DISCUSSION 

We  break  this  discussion  down  into  the  polymerization  process  and  the  simulant  neutralization  or 
immobilization  potential  of  the  powders.  As  show  on  the  RESULTS  section,  several  powders 
produced  endotherms  and  exotherms  above  the  temperature  range  of  -110  C.  Since  nearly  all 
polymers  melt  at  temperatures  above  this,  and  there  is  a  potential  for  water  residue  on  the  metal 
powder  with  a  boiling  point  of  100  C,  thermal  “events”  at  or  below  this  level  are  deemed 
insignificant.  The  polymerization  experiments  in  summary  produced  about  20  combinations  of 
metal  alloys  and  monomer  or  short-chain  polymers.  The  product  of  these  “reactions”  produced 
measurable  endotherms  or  exotherms  using  DSC  which  we  interpret  to  be  related  to  the 
formation  of  polymers  fragments  or  other  products  generated  by  the  contact  with  the  metal  alloy 
powders. 

Although  there  are  much  more  rigorous  methods  to  measure  such  properties,  the  scope  of  this 
Phase  I  was  to  screen  a  vast  number  of  combinations  in  a  short  period  of  time.  The  use  of  more 
rigorous  methods  (e.g.,  SEM,  GC-MS,  TGA,  ICP)  to  determine  surface  compositions  and  to 
investigate  the  structure  of  the  coating  and  products  is  within  the  scope  of  Phase  II.  Note  that  an 
enormous  amount  of  time  and  money  would  have  been  spent  evaluating  the  numerous  powder 
and  monomer/polymer  combinations  using  more  rigorous  analytical  methods,  so  our  approach  in 
Phase  I  did  allow  us  to  screen  a  large  number  of  potential  combinations  at  low  cost  and  in  a  short 
period  of  time.  Thermal  activity  in  a  DSC  scan,  indicating  the  presence  of  a  phase  other  than  the 
reactants,  is  a  necessary  observable  IF  any  alteration  (e.g.,  polymerization  or  formation  of 
another  organic)  of  the  monomer  or  polymer  has  occurred  as  a  result  of  contact  with  the  metals. 
Now  that  the  process  and  materials  have  been  proven  feasible,  the  use  of  more  elaborate 
techniques  to  characterize  the  process  and  compounds  involved  will  be  much  more  cost  effective. 

The  HPLC  method  was  also  selected  to  afford  rapid  turnaround,  simplicity,  statistical  accuracy, 
and  low  cost.  We  are  confident  that  the  results  from  these  tests  are  accurate  and  statistically 
significant  since  a  detailed  spike  and  recovery  analysis  was  performed  with  the  HPLC  system  for 
the  simulants  TDE  and  DMMP.  Referring  again  to  Figure  5,  the  absence  of  new  peaks  after  the 
reaction  with  the  DMMP  or  TDE  may  be  explained  by  any  one  of  the  following:  (1)  the 
product(s)  formed  are  adsorbed  or  immobilized  by  the  substrate  metal;  (2)  the  product(s)  formed 
are  not  soluble  in  the  eluent;  (3)  the  product(s)  formed  are  gaseous  at  room  temperature  (e.g., 
CH4,  H2S,  C02);  or  (4)  the  product(s)  formed  do  not  absorb  appreciably  at  wavelengths  of  200- 
225  nm.  This  issue  can  not  be  resolved  in  the  Phase  I  effort,  but  is  one  of  the  objectives  of  the 
Phase  II  effort. 

Again,  there  are  much  more  rigorous  methods  available  but  we  chose  to  trade  off  this  more 
detailed  study  with  the  ability  to  screen  more  metal  alloy  and  monomer/polymer  combinations 
and  prove  out  the  feasibility.  More  detailed  analyses  can  now  be  pursued  with  a  higher  potential 
for  success. 

The  selection  of  the  simulants  TDE  and  DMMP  was  based  on  our  open  literature  review  of 
simulants  selected  by  other  researchers  and  similarity  in  chemical  structure  to  the  CW  agents. 
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There  are  numerous  other  possible  simulants  as  discussed  in  literature  including  malathion, 
glyphosate,  glyceraldehyde  3 -phosphate,  diazinon,  bis(2-ethyl)phosphite,  and  di-isopropyl 
fluorophosphate  for  nerve  agents,  and  3,3’-thiodipropionic  acid,  dibutyl  sulfide,  di -/-butyl 
sulfide,  and  thioglycolic  acid  for  sulfur  mustard  but  the  scope  and  funding  of  a  Phase  I  effort 
only  allows  a  reasonable  number  of  compounds  to  be  tested.  Although  some  of  these 
compounds  may  prove  to  be  better  simulants  for  certain  tests,  we  selected  the  DMMP  and  TDE 
with  the  intent  to  mimic  key  functional  groups  and  bonds,  and  electronic  effects  of  nerve  agents 
and  sulfur  mustard.  The  scope  of  Phase  II  will  use  additional  simulants  for  completeness. 

We  also  tested  the  synergism  between  the  metal  substrate  and  the  polymer/monomer-derive 
coating.  Independent  tests  contacting  methyl  methacrylate  and  propylene  glycol  butyl  ether  with 
DMMP  and  TDE  showed  no  statistically  significant  reduction  of  the  DMMP  or  TDE  relative  to 
the  experimental  results  with  the  coated  powders.  Thus,  we  conclude  that  the  neutralization  or 
immobilization  of  the  simulants  is  a  result  of  other  by-products  formed  and  affixed  to  the  metal 
alloy  particles  and/or  the  metal  alloys  themselves,  the  coating  serving  as  an  inert  barrier  or 
sealant.  An  organic  barrier  may  be  necessary,  however,  in  a  final  formulation  to  protect  the 
wearer  from  irritation  and  direct  contact  with  the  metal  particles. 

Overall,  the  TiFe09Mn0  jH/MM,  CaNi5H3/PFP,  and  Mg2NiH2/PGBE  combinations  proved  the 
most  effective  toward  DMMP.  The  only  commonality  between  all  of  these  combinations  is  the 
hydride  state  of  the  metal  alloy.  Since  the  “oxide”  analogs  of  these  particular  powder 
experiments  were  not  tested  via  HPLC,  it  cannot  be  confirmed  at  the  conclusion  of  this  Phase  I 
that  the  effectiveness  is  related  to  the  hydrogen  presence.  The  only  oxides  analyzed  via  HPLC 
were  for  the  Mg2Ni  alloy  with  perfluoropropene.  Since  both  the  hydride  and  the  oxide  form  of 
this  reactant  showed  little  or  no  significant  immobilization  or  neutralization  of  DMMP  or  TDE, 
the  oxide  vs.  hydride  effect  cannot  be  determined.  A  related  observation  is  that  considerable 
thermal  activity  strongly  correlates  with  a  hydrided  metal  substrate  reacted  with  the  monomer  or 
polymer.  If  the  immobilization  or  neutralization  process  is  related  to  the  same  reaction 
mechanism  which  produces  these  observable  thermal  fingerprints,  then  the  neutralization 
potential  of  the  alloy  with  the  simulants  would  correlate  with  the  thermal  activity  (i.e.,  hydride 
form  of  the  alloy). 
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CONCLUSIONS 

Three  metal  alloys  were  selected,  procured,  activated,  and  decrepitated.  The  surface  area  for 
these  powders  typically  ranges  from  0.1-10  m2/g,  depending  on  the  exact  process  variables  used 
to  prepare  the  powders.  On  average,  the  specific  surface  area  of  the  powders  is  about  0.5-1  m2/g. 
With  a  typical  metallic  density  of  about  6.6  g/cm3,  the  particle  diameter  is  estimated  to  be  0.9-1. 8 
pm  (assuming  spherical  particles).  After  carrying  out  the  metal  activation  and  monomer/polymer 
reaction,  the  powder  consistency  ranged  from  dry  and  free-flowing  to  wet,  sticky  and  clumpy, 
depending  on  the  metal  alloy  and  the  monomer  or  polymer 

Of  the  three  metal  alloys  and  8  monomers  or  polymers  studied,  several  showed  thermal  activity 
which  could  not  be  explained  from  the  raw  materials  used.  Of  the  combinations  which  exhibited 
above  average  thermal  activity,  we  selected  6  combinations  for  CW  agent  simulant  testing.  Of 
these  6  materials,  3  combinations,  listed  below,  produced  a  statistically  significant  neutralization 
or  immobilization  (20-100%)  of  the  TDE  and  DMMP. 

•  TiFe0  9Mn0  jH  with  methyl  methacrylate  (MM) 

•  Mg2NiH2  with  propylene  glycol  butyl  ether  (PGBE) 

•  CaNi5H3  with  perfluoropropene  (PFP) 

Of  these  combinations,  two  of  the  reactants  were  liquids  at  room  temperature  (MM  and  PGBE), 
and  one  was  a  vapor  (PFP).  This  observation  indicates  that  there  is  no  apparent  favorable 
reaction  phase  for  the  metal  alloys.  (NOTE:  These  materials  have  also  been  submitted  to  the 
U.S.  Army  Medical  Research  Institute  of  Chemical  Defense  for  testing  in  barrier  cream 
formulations).  The  statistical  significance  of  simulant  neutralization/immobilization  by  these 
substrates  was  determined  at  95%  confidence  following  standard  ANOVA  procedures.  This 
method  used  a  comparison  of  F-values  between  two  15-20  sample  lots  of  the  organic-coated  and 
raw  material  metal  alloy. 

We  also  tested  the  synergism  between  the  metal  substrate  and  the  polymer/monomer-derive 
coating.  Independent  tests  contacting  methyl  methacrylate  and  propylene  glycol  butyl  ether  with 
DMMP  and  TDE  showed  no  statistically  significant  reduction  of  the  DMMP  or  TDE  relative  to 
the  experimental  results  with  the  coated  powders.  Thus,  we  conclude  that  the  neutralization  or 
immobilization  of  the  simulants  is  a  result  of  other  by-products  formed  and  affixed  to  the  metal 
alloy  particles  and/or  the  metal  alloys  themselves,  the  coating  serving  as  an  inert  barrier  or 
sealant. 

The  Phase  I  experiments  also  determined  that  the  variables  having  the  greatest  influence  in 
producing  “thermal  activity”  were  the  monomer  or  polymer  reactant,  and  whether  the  alloy  was 
left  in  a  hydrided  form  prior  to  reacting  with  the  monomer  or  polymer.  We  correlate  this  activity 
to  the  degree  of  success  in  forming  organic  products  on  the  metal  surface  which  have  different 
physical  properties  than  the  reactant  monomer  or  polymers.  The  hydride  effect  was  hypothesized 
prior  to  the  experiments  since  monatomic  H  (in  the  form  of  H+  or  free-radical  H)  will  be  present 
near  or  at  the  surface  of  the  metal  during  desorption  and  absorption,  and  available  as  a  possible 
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source  to  fuel  polymerization  or  reduction  reactions.  We  can  only  speculate  at  this  stage  in  the 
research  that  the  thermal  activity  may  be  correlated  to  a  neutralization  or  immobilization 
potential  assuming  that  the  monomer  or  polymer  reaction  mechanism  would  be  related  the 
neutralization/immobilization  mechanism. 

From  the  success  of  the  limited  scope  Phase  I  effort,  we  suspect  that  other  combinations  of  metal 
alloys  and  monomers  or  polymers  studied  in  Phase  I  would  also  be  found  effective  against  CW 
agents.  To  appreciate  and  understand  the  fundamental  mechanism  of  immobilization  and  the  full 
potential  of  these  novel  metal  alloys  substrates  in  skin  protection,  a  much  more  in-depth  research 
effort  is  required. 

We  conclude  that  both  the  powder  activation/preparation  process  and  the  use  of  these  powders  as 
skin  protectants  are  not  only  feasible,  but  successful.  We  have  established  a  statistical 
significance  of  CW  agent  simulant  neutralization  or  immobilization  for  several  metal  and 
polymer  combinations  from  only  a  select  pool  of  candidates.  These  compounds  could  also 
function  in  a  chromatographic  capacity  within  barrier  cream  formulations  (similar  to  the 
currently  used  Teflon  particles),  in  addition  to  catalytically  neutralizing  or  destructively 
adsorbing  the  CW  agents.  In  particular,  and  per  Task  6  in  the  proposal,  one  improved 
formulation  might  consist  of  the  TiFe09Mn0  j/MM  powder  and  the  Mg2NiFI2/PGBE  powder, 
although  the  TiFe09Mn0  jH/MM  powder  may  be  effective  against  both  DMMP  and  TDE  alone. 
Any  chromatographic  effects  would  have  to  verified  and  optimized  in  actual  barrier  cream 
formulations. 

A  brief  economic  analysis  for  the  TiFe0.9Mn0  j/MM  powder  is  illustrated  below.  On  a  per  kg  of 
TiFe0  9Mn0 j  basis,  the  costs  are:  $300/kg  for  the  TiFe0  9Mn01  raw  material,  approximately  (S6/L 
methyl  methacrylate)  x  (1  kg  TiFe0.9Mn0.i/L  MM)  =  $6/kg  TiFe09Mn01,  and  ($0.013/LSXP  H2)  x 
(470  LSXP  H2/kg  TiFe09Mn0 ,)  =  $6/kg  TiFe09Mn0  i.  The  hydrogen  consumption  is  estimated 
assuming  10  fully-hydrided  cycles  to  decrepitate  the  powder  with  20%  loss  per  cycle.  Note  that 
the  H2  can  be  recycled  between  two  or  more  equally  sized  beds  with  one  bed  absorbing  while  the 
other  is  heated  and  desorbing:  the  20%  loss  assumes  not  all  of  the  H2  can  be  shuttled  efficiently 
between  the  beds.  The  total  product  materials  cost  would  then  be  $300+6+6=$3 12  of  which  96% 
is  attributed  to  the  TiFe0  9Mn0 x  material  costs. 

Since  positive  results  were  measured  with  only  a  limited  pool  of  materials  in  this  Phase  I  effort, 
there  is  a  strong  likelihood  that  these  or  even  better  skin  protectant  formulations  could  be 
identified  from  a  larger  pool  of  candidates  in  continuing  research.  Continuing  research  will  also 
reveal  the  mechanism  of  the  neutralization  or  immobilization  processes  shedding  light  on  the 
potential  of  these  compounds  in  other  commercial  and  military  applications. 
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MEETING  ABSTRACTS 

A  Phase  I  review  meeting  per  Task  5  was  held  at  Mainstream  Engineering  Corporation  in 
Rockledge,  FI,  on  may  15,  1997.  In  attendance  were  Dr.  Dwight  D.  Back  and  Dr.  Robert  P. 
Scaringe  of  Mainstream  Engineering,  and  Maj.  Alan  F.  Weir  and  Maj.  Erich  K.  Lehnert  of  the 
U.S.  Army  Medical  Research  Institute  of  Chemical  Defense.  Dr.  Back  reviewed  the  Phase  I 
SBIR  effort  technical  approach  and  results,  and  gave  a  facility  tour  and  demonstration  of  the 
apparatus  used  for  the  project.  Maj.  Alan  F.  Weir  and  Maj.  Erich  K.  Lehnert  also  suggested  that 
the  powders  be  tested  in  a  barrier  cream  formulation  and  Dr.  Back  agreed  to  prepare  and  send  a 
finer  scale  powder  to  the  U.S.  Army  Medical  Research  Institute  of  Chemical  Defense  for 
formulation.  Maj.  Alan  F.  Weir  and  Maj.  Erich  K.  Lehnert  agreed  to  check  with  their  contracting 
office  about  extending  the  submission  time  for  the  Phase  II  proposal  so  as  to  allow  Mainstream 
time  to  incorporate  any  efficacy  results  measured  for  the  powder  formulations. 
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APPENDIX  A  -  EXPERIMENTAL  MATRICES 


OXI D 

PURPOSE:  Deterr 

TABLE  A-1: 

E  POLYMERIZATION  EXPERIMENTS  -  25  g  CaNi5 

nine  the  polymerization  potential  of  CaNi5Ox  powder  with  methyl 
erfluoropropene  monomers  at  2  pressure  levels  and  2  temperature 
ia  LC  for  simulant  neutralization  potential  if  polymerized  product 

methacrylate  and  p 
levels.  Analyze  v 
detected  via  DSC. 

exp’t 

monomer 

reaction  T  (C) 

monomer  P  (psia) 

CaNi-l(O) 

Methyl  Methacrylate 

25 

10 

CaNi~2(0) 

Methyl  Methacrylate 

100 

150 

CaNi-3(0) 

Perfluoropropene 

25 

150 

CaNi-4(0) 

Perfluoropropene 

100 

10 

TABLE  A -2: 

HYDRIDE  POLYMERIZATION  EXPERIMENTS  - 

25  g  CaNis 

PURPOSE:  Determine  the  polymerization  potential  of  CaNi5H3  powder  with  methyl 

methacrylate  and  perfluoropropene  monomers  at  2  pressure  levels  and  2  temperature 
levels.  Analyze  via  LC  for  simulant  neutralization  potential  if  polymerized  product 
detected  via  DSC. 

exp’t 

monomer 

reaction  T  (C) 

monomer 

CaNi-5(H) 

Methyl  Methacrylate 

35 

-0.26  moles,  LIQ 

CaNi-6(H) 

Methyl  Methacrylate 

100 

-0.26  moles,  LIQ 

CaNi-7(H) 

Perfluoropropene 

35 

-0.26  moles,  VAP 

CaNi-8(H) 

Perfluoropropene 

100 

-0.26  moles,  VAP 
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TABLE  A -3: 

OXIDE  POLYMERIZATION  EXPERIMENTS  -  25  g  TiFe09Mn0 A 

PURPOSE:  Determine  the  polymerization  potential  of  TiFe09Mn0  ,Ox  powder  with 
methyl  methacrylate  and  perfluoropropene  monomers  at  2  pressure  levels  and  2 
temperature  levels.  Analyze  via  LC  for  simulant  neutralization  potential  if  polymerized 
product  detected  via  DSC. 

exp’t 

monomer 

reaction  T  (C) 

monomer  P  (psia) 

TiFeMn-l(O) 

Methyl  Methacrylate 

25 

10 

TiFeMn-2(0) 

Methyl  Methacrylate 

100 

150 

TiFeMn-3(0) 

Perfluoropropene 

25 

150 

TiFeMn-4(0) 

Perfluoropropene 

100 

10 

TABLE  A -4: 

HYDRIDE  POLYMERIZATION  EXPERIMENTS  -  25  g  TiFe0  9Mn0 A 

PURPOSE:  Determine  the  polymerization  potential  of  TiFe09Mn0  >H  powder  with  methyl 
methacrylate  and  perfluoropropene  monomers  at  2  pressure  levels  and  2  temperature 
levels.  Analyze  via  LC  for  simulant  neutralization  potential  if  polymerized  product 
detected  via  DSC. 

exp’t 

monomer 

reaction  T  (C) 

monomer 

TiFeMn-5(H) 

Methyl  Methacrylate 

35 

-0.26  moles,  LIQ 

TiFeMn-6(H) 

Methyl  Methacrylate 

100 

-0.26  moles,  LIQ 

TiFeMn-7(H) 

Perfluoropropene 

35 

-0.26  moles,  VAP 

TiFeMn-8(H) 

Perfluoropropene 

100 

-0.26  moles,  VAP 
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TABLE  A -5: 

OXIDE  POLYMERIZATION  EXPERIMENTS  -  25  g  Mg2Ni 

PURPOSE:  Determine  the  polymerization  potential  of  Mg2NiOx  powder  with  methyl 
methacrylate  and  perfluoropropene  monomers  at  2  pressure  levels  and  2  temperature 
levels.  Analyze  via  LC  for  simulant  neutralization  potential  if  polymerized  product 
detected  via  DSC. 


exp’t 


MgNi-l(O) 


MgNi-2(0) 


MgNi-3(0) 


MgNi-4(0) 


monomer 


Methyl  Methacrylate 


Methyl  Methacrylate 


Perfluoropropene 


Perfluoropropene 


reaction  T  (C) 


25 


100 


25 


100 


monomer  P  (psia) 


10 


150 


150 


10 


TABLE  A-6: 

HYDRIDE  POLYMERIZATION  EXPERIMENTS 

25  g  Mg2Ni 

PURPOSE:  Determine  the  polymerization  potential  of  Mg2NiH2  powder  with  methyl 

methacrylate  and  perfluoropropene  monomers  at  2  pressure  levels  and  2  temperature 
levels.  Analyze  via  LC  for  simulant  neutralization  potential  if  polymerized  product 
detected  via  DSC. 

exp’t 

monomer 

reaction  T  (C) 

monomer 

MgNi-5(H) 

Methyl  Methacrylate 

35 

~0.26  moles,  LIQ 

MgNi-6(H) 

Methyl  Methacrylate 

100 

~0.26  moles,  LIQ 

MgNi-7(H) 

Perfluoropropene 

35 

-0.26  moles,  VAP 

MgNi-8(H) 

Perfluoropropene 

100 

-0.26  moles,  VAP 
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TABLE  A -7: 

DIRECT  LIQUID  CONTACTING  EXPERIMENTS 

PURPOSE:  Determine  the  polymerization  and  simulant  neutralization  potential  of 
various  metal  alloys  with  3  polymer  liquids  and  1  monomer  liquid  using  a  direct  liquid 
contacting  (DLC)  method. 

exp’t 

metal 

liquid 

DLC-1 

CaNi5-oxide 

poly(dimethylsiloxane) 

DLC-2 

Mg2Ni-hydride 

poly(dimethylsiloxane)  +  5%  water 

DLC-3 

TiFeMn-oxide 

poly(dimethylsiloxane)  +  5%  water 

DLC-4 

Mg2Ni-hydride 

polyethylene  glycol)  +  5%  water 

DLC-5 

TiFeMn-oxide 

poly(ethylene  glycol)  +  5%  water 

DLC-6 

Mg2Ni-hydride 

PEG  methyl  ether 

DLC-7 

Mg2Ni-oxide 

PEG  methyl  ether 

DLC-8 

Mg2Ni-hydride 

propylene  glycol  butyl  ether 
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APPENDIX  C  -  DSC  SCANS  FOR  REACTED  METAL  POWDERS 

•  CaNi-l  through  CaNi-4 

•  CaNi-5  through  CaNi-8 

•  MgNi-1  through  MgNi-4 

•  MgNi-5  through  MgNi-8 

•  TiFeMn-1  through  TiFeMn-4 

•  TiFeMn-5  through  TiFeMn-8 

•  DLC-1  through  DLC-8 

•  poly (ethylene  glycol) 

•  poly (ethylene  glycol)  methyl  ether 

•  propylene  glycol  butyl  ether 

•  poly (methylsiloxane) 

and  the  following  scans  for  finer-scale  powder  materials  sent  to 
the  U.S.  Army  Medical  Research  Institute  for  Chemical  Defense: 

•  CaNi-H  (fine) 

•  CaNi-8  (fine) 

•  MgNi-H  (fine) 

•  DLC-8  (fine) 

•  TiFeMn-H  (fine) 

•  TiFeMn-5  (fine) 
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CaNi-H  (fine) 
CaNi5  hydride 
sent  to  Army  ICD 


CaN  l -H  >  CaN  I  5  <Flne)  Hydr^tded  F  l  l  e  :  5306  i  .  08 1  DSC  HETTLER 

72.600  ng  Rate : 10.6  °C/nln  I  dent-  1.0  30-Apr-97 

A 

0 

X 

111 


— 1 - • - * - ’ - ’ - 1 - * - ' - ' - ’ - 1 - • — -1 - * - ’ - i - ' - ' — 

100.  200.  300.  400.  °C 


FI 

■a 

F3 

F4 

F5 

F  6 

F7 

F8 

F9 

F 1 9 

Graph 

jiHfl 

Paran 

Zoon 

Eva  1 

Multi 

Plot 

User 

Exit 

Help 

— ’  ’  PROPRIETARY 
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SS,  duplicated  or  disclosed,  In  whole  or  .n  part,  except  wrth  the 
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CaNi-8  (fine) 

CaNi5&PFP 

sent  to  Army  ICD 


C  a  N  l  -  3 )  C  a  N  l  3  <  F  l  ri  e  }  $<  Per  f  touroprope  n  e 
89 . 389  w  q  R  a  t  e : 1 8 . 8  0  C / n l n 


FUS'  3230  1  .  001 
I dent^  i.0 


DSC. 


flETTLER 

28-ftp r -97 


■"■j" — r~ —..r  r  j  .  — ■  .  .  I  i  i  i  —r—  j  ■  ■  "  j  t 

108.  200.  300.  480.  °C 


FI 

F2 

F3 

F  4 

F5 

F  6 

F7 

F  8 

F  9 

F  1 8 

Graph 

Data 

Par  an 

Zoom 

Eva  1 

Multi 

Plot 

User 

Exit 

Help 

This  document  conteins  PROPRIETARY 

information  of  Mainstream  Engineering  Corporation  and  cannot  be 
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express  written  permission  of  Mainstream. 


AM/A/Sr/?&tAS 


Contract  DAMD1 7-97-C-701 7,  FINAL  REPORT 


page  88 


MgNi-H  (fine) 
Mg2Ni  hydride 
sent  to  Army  ICD 


MglH-H » rig2tU  -  Hydrlded  F l l e = 6939 1 . 98 1  DSC  HETTLER 

28.460  ng  Rate5 18.8  °C/nln  Ident=  1.8  83-Apr-97 

A 

0 

X 


10Q  . 

233 

360 

480 

°C 

FI 

Graph 

F2 

Data 

F3 

Paran 

F4 

Zoom 

F5 

Eva\ 

F  o 

Multi 

F7 

Plot 

F  8 
User 

F9 

Exit 

F 1 0 
Help 

_ _  PROPR1ETary 

This  document  contains  'corporation  and  can[!ot  be 

^formation  o.  S  orlpart,  excap.  «*  «• 
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DLC  -8  (fine) 
Mg2Ni&PGBE 
sent  to  Army  ICD 


0  L  C  -  3  .•  tl  n  2  N I H  <  Fine  >  p  .  G  .  Butyl  Ether 
17.290  mg  Rate1  10.8  °C/nln 


F  1 1  e  : 63201 . 001 
I  dent :  1.8 


METTLER 

02-ftpr-97 


132.46  C 


>55.31  C 


161.88  C 


225.66  C 


FI  F2  F3  F4  F5  F6  F7  F3  F9  F18 

Graph  Data  Param  Zoom  Eval  Multi  Plot  User  Exit  Help 
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01  C'J 


Ti  FeM  n -  5  (fine) 
TiFeMn  &  MM 
sent  to  Army  ICD 


H  n  -  '  (  Fine  >  .■  T  t  F  e  fi  n  n.nethacniiate  F  i,  \  e  :  "  2  2  8 1 . 0  0 1  D  5  c 


METTLES 


9  0  n  g 


1 1  e  :  1  0  .  @  *  C  /  n  l  n 


I  dent  1.0 


82.22  C 


/ 


JiO.Bb  L 


145.50  C 


FI  j  F  2  F3  F  4  F5  F6  F7  F8  F9  F10 

Graph  Data  Paran  Zoom  Eval  Multi  Plot  User  Exit  Help 
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2  0  .  nil 


TiFeMn-H  (fine) 
TiFeMn  hydride 
sent  to  Army  ICD 


TiFei'1n-H(Fi.ne)i  T  l  F  e  M  n  -  H  y  d  r  /dee 
20.9  0  0  r'i  q  R  a  t  e  :  1 0 . 0  0  C  /  n  i,  n 


FI  le : 52202 . 00 1 
I dent=  1.0 


DSC 


HETTLER 

22-ftp r -97 


A 

0 

X 

01 


165.73  C 


“i - : - 1— 


-t - r - r- 


100. 


200. 


300  . 


400  . 


This  document  contains  . .  . 

information  of  Mainstream  fFnnin  PROPRIETARY 

used,  duplicated  or  disclosed  Sjn  vwh<S  ^rporation  and  cannot  be 
express  written  permission  of’ Mainstream.  Part’  6XCept  W'th  [hs  ' 
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APPENDIX  D  -  LC  RAW  DATA  AND  STATISTICS 


TDE  HPLC : 

•  CaNi-8 

•  MgNi-5 

•  MgNi - 8 

•  MgNi -4 

•  MgNi - 3 

•  TiFeMn-5 

DMMP  HPLC: 

•  CaNi-8 

•  DLC-8 

•  MgNi - 8 

•  MgNi -3 

•  TiFeMn-5 

•  TiFeMn-5 

OTHER  HPLC: 

•  molecular  sieve  baseline 

•  molecular  sieve  with  MM 

•  molecular  sieve  with  PGBE 
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Dalerminalion  of  2,2'-lhiodtathand  using  HPLC 


Actual  Determined  Percent 

Date  Analyzed  Percent  thiodiethano  Percent  thiodiethano  Recovered 


3/25/97 

10.00% 

7.95% 

79.51% 

3/25/97 

10.00% 

7.66% 

76.58% 

3/25/97 

10.00% 

9.45% 

94.48% 

3/25/97 

10.00% 

10.18% 

101.77% 

3/25/97 

10.00% 

9.85% 

98.52% 

3/25/97 

2.32% 

2.03% 

87.38% 

3/25/97 

2.32% 

2.04% 

87.83% 

3/25/97 

2.32% 

2.06% 

88.98% 

3/27/97 

1 .40% 

1.38% 

98.49% 

3/31/97 

2.02% 

* 

1 .80% 

89.31% 

3/31/97 

2.02% 

1.93% 

95.66% 

3/31/97 

2.02% 

1.81% 

89.39% 

3/31/97 

2.02% 

2.00% 

98.78% 

3/31/97 

2.02% 

1.75% 

86.65% 

4/1/97 

1.60% 

1.39% 

86.92% 

4/1/97 

1 .60% 

1.36% 

84.74% 

4/1/97 

1.60% 

1.40% 

87.56% 

4/1  /97 

1.60% 

1.37% 

85.87% 

4/1/97 

1.60% 

1.35% 

84.68% 

4/1/97 

1.60% 

1.38% 

86.34% 

;  i * i  m  i  ^i..i 

mr—  in  -ftif  £,  I 
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CaNt  5  ««p  8 


ASKIN  RESULTS  ] 

DATE  ^hh'7 _ 

^ —  3P 

ANALYST 

.  IputCw— 

S1GNATORE  ).  _ 

- 

CaNiS  -Hydrogenated,  experiment  #8 

Actual 

Determined 

Percent 

Date  Analyzed 

Percent  Thiodiethanol 

Percent  Thiodiethanol 

Recovered 

3/31/97 

2.41  % 

2.26% 

93.63% 

3/31/97 

2.41  % 

2.05% 

84.89% 

3/31/97 

2.41  % 

2.08% 

86.22% 

3/31/97 

2.41  % 

2.06% 

85.40% 

3/31/97 

2.41  % 

2.08% 

86.42% 

3/31/97 

2.41  % 

2.08% 

86.18% 

3/31/97 

2.41% 

2.12% 

88.16% 

3/31/97 

2.41  % 

2.18% 

90.55% 

3/31/97 

1 .42% 

1 .22% 

85.57% 

3/31/97 

1 .42% 

1 .24% 

87.52% 

3/31/97 

1.42% 

1 .22% 

85.81% 

4/1/97 

1 .42% 

1.35% 

95.16% 

4/1  /97 

1 .42% 

1.39% 

97.92% 

4/1  /97 

1 .42% 

1.43% 

100.68% 

4/1/97 

1.42% 

1.35% 

95.31  % 

4/1/97 

1 .42% 

1.33% 

93.53% 

4/1/97 

2.05% 

2.02% 

98.70% 

4/1/97 

2.05% 

2.03% 

98.94% 

4/1/97 

2.05% 

1.91% 

92.98% 

4/1/97 

2.05% 

1.87% 

91.33% 

AS^/M-S-  AS 
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CaNi5  - Hydrogenated ,  experiment  #8 


A  SKIN  RESULTS  -  Statistical  Summary 


DATE 

ANALYST 

SIGNATURE 


rr/isns 


i 

Anova:  Single  Factor 


SUMMARY 

Groups 

Count 

Sum 

Average 

Variance 

1:  CaNi5  acet  extr 

20 

18.24887436 

0.912443718 

0.002781894 

2:  CaNi5  exp  8 

20 

17.89444806 

0.894722403 

0.004336173 

ANOVA 

Source  of  Variation 

SS 

df 

MS 

F 

P-value 

Fcrit 

Between  Groups 

0.00314045 

1 

0.00314045 

0.882388354 

0.353481311 

4.098168915 

Within  Groups 

0.135243286 

38 

0.003559034 

Total 

0.138383736 

39 

Conclusion;  There  is  no  significant  difference  (95%  probability)  between  groups 


CaNW  (no  tit)  vs  CaNIS  (axp  I) 


i 


Mg2NI  no  trt  w«(m  «rtr 
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Mg2NI  exp  5 


I  If  .*  i.  j. -  tA.-.ru *  iA-‘  wV,.. Ut»> wi 


-  2m.-  i 


lASKIN  RESULTS  -  Statistical  Summary 


1  1  CapcrMaa 

Mg2Ni  -Experiment  #5,  extracted  with  water  instead  of  acetonitrile 

i 

Anova:  Single  Factor 

SUMMARY 


DATE 

ANALYST 

SIGNATURE 


Groups 

Count 

Sum 

Average 

Variance 

Column  1 

15 

22.17547921 

1.47836528 

0.020533008 

Column  2 

15 

21.54972278 

1.436648186 

0.001289452 

ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 

Total 


Conclusion: 


SS 


0.01305237 

030551443 


MS 


0.01305237 

0.01091123 


1.196232724 


P -value 


0383396347 


Fcrit 


4.195982228 


There  is  no  significant  difference  (95%  probability)  between  groups 


•J^feSS?rg.’^r-3l 


AM/Af* 'S-rfi&AM 
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M $2N*  8  *c*<o  *srtrct 


D*t*m*n»twn  of  2,2-thiodw<N«noi  u*»vg  HPLC 


ASKIN  RESULTS 


DATE 

ANALYST 

SKWATUM 


-&&P1 

7cg£y?7 


\Mg2Ni  -  no  treatment  with  acetonitrile  extraction 

Actual  Determined 

Date  Analyzed  Percent  thiodiethanol  Percent  thiodiethanol 


Percent 

Recovered 


4/1497 

1 .94% 

4/1/97 

1 .94% 

4/1/97 

1.94% 

4/1/97 

1 .94% 

4/1  /97 

1 .94% 

4/1/97 

1 .94% 

4/1  /97 

1.94% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

4/1/97 

2.18% 

2.46% 

127.06% 

2.49% 

128.43% 

2.42% 

1  24.73% 

2.54% 

130.94% 

2.60% 

133.85% 

2.60% 

133.77% 

2.50% 

128.75% 

2.84% 

130.31% 

2.98% 

136.48% 

2.80% 

128.51% 

2.82% 

129.44% 

2.81% 

128.77% 

2.78% 

127.30% 

2.80% 

128.44% 

2.77% 

127.26% 

AM/AtS 
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Mq2NI  axp  S  «c*lo  exlrct 


I  AS  KIN  RESULTS  -  Statistical  Summary 


Mg2Ni  -Hydrogenated,  experiment  # 8 


Anova:  Single  Factor 


SUMMARY 


ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 

Total 


Conclusion: 


SS  df  MS 


0.000219905  1  .  0.000219905 

0.046608649  28  0.001664595 

0.046828554  29 


There  is  no  significant  difference  (95%  probability)  between  groups 

Mg2NI  (no  nt)  v*  Mg2NI  («p  I) 


DATE 

ANALYST 

SIGNATURE 


Groups 

Count 

Sum 

Average 

Variance 

1 :  Mg2Ni  exp  8  acet  ex 

15 

19.52165127 

'  1.301443418 

0.002390866 

2:  Mg2Ni  no  trt  acet  ex 

15 

19.44042844 

U96028563 

0.000938323 

0.132107182 


P-value 


0.718987075 


Fcrit 


4.195982228 
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Mq2NI  exp  4 


A/A/A/^r/?^AA/ 
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Mq2M  «xp  3 


_ _ 

DATE 

r  h  fa  7 

ANALYST 

- _ 

SIGNATURE 

Mg2Ni  -Hydrogenated,  experiment  #3 

Actual 

Determined 

Percent 

Date  Analyzed 

Percent  Thiodiethanol 

Percent  Thiodiethanol 

Recovered 

04/0^/97 

2.67% 

3.42% 

127.88% 

04/03/97 

2.67% 

3.49% 

130.78% 

04/03/97 

2.67% 

3.89% 

145.56% 

04/03/97 

2.67% 

3.67% 

137.40% 

04/03/97 

2.67% 

3.90% 

146.00% 

04/03/97 

2.67% 

3.82% 

142.83% 

04/03/97 

2.67% 

3.60% 

134.85% 

04/03/97 

2.67% 

3.73% 

139.74% 

04/03/97 

1.48% 

2.00% 

134.77% 

04/03/97 

1.48% 

1.94% 

131.22% 

04/03/97 

1 .48% 

2.00% 

134.90% 

04/03/97 

1.48% 

2.00% 

134.89% 

04/03/97 

1.48% 

1.91% 

129.06% 

04/03/97 

1.48% 

2.00% 

135.25% 

04/03/97 

1.48% 

1 .90% 

128.47% 
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Mg2NI  exp  3 


lASKIN  RESULTS  -  Statistical  Summary 


C5»  77S( 


Mg2Ni  -Hydrogenated,  experiment  #3 


Anova:  Single  Factor 


SUMMARY 


ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 


SS 


0.026736203 

0.060927474 

0.087663678 


MS 


’  0.026736203 
0.002175981 


Conclusion: 

There  is  a  significant  difference  (95%  probability)  between  groups 

Mg2Nl  (no  til)  v*  Mg2Ni  (exp  3) 

i4&m 

140.00% 

♦ 

♦ 

138.00%. 

♦ 

;  130.00% 

»  i 

I 

*  5 

125P0% 

120.00% 

♦ 

DATE 

ANALYST 

SIGNATURE 


*nl± 

^Ql-n_ 


Groups 

Count 

Sum 

Average 

Variance 

1:  Mg2Ni  exp  8  acet  ex 

15 

20J3602104 

'  1355734736 

0.003413639 

2:  Mg2Ni  exp  3 

15 

19.44042844 

1.296028563 

0.000938323 

P-value 


0.001554983 


Fcrit 


4.195982228 


».  JA .  .  :/  ■.tFUS »p«?  J  .'■  V  ■  -x  ~»r2fc- » JL' £mcZJL*£ 


Contract  DAMD17-97-C-7017,  FINAL  REPORT 

page  106 

.- 

' 

. 

Contract  DAMD17-97-C-7017,  FINAL  REPORT 


page  107 


TIFaMn  Exp  5  water  a*tr 


|ASKIN  RESULTS  ”~| 

DATE 

5"/  /5V?7 

ANALYST 

_ _ 

C  AV^S/WST 

SIGNATURE 

TiFeMn  (exp  tfS)  water  extraction 

Actual 

Determined 

Percent 

Date  Analyzed 

Percent  Thiodiethano! 

Percent  Thiodiethanol 

Recovered 

5/14’/97 

2.54% 

2.56% 

100.84% 

5/14/97 

2.54% 

2.53% 

99.64% 

5/14/97 

2.54% 

2.61% 

102.82% 

5/14/97 

2.54% 

2.54% 

100.18% 

5/14/97 

2.54% 

2.58% 

101.45% 

5/14/97 

2.54% 

2.61% 

102.71% 

5/14/97 

2.54% 

2.59% 

101.89% 

5/15/97 

2.54% 

2.56% 

100.99% 

5/15/97 

2.54% 

2.61% 

102.88% 

5/15/97 

2.54% 

2.65% 

104.24%  _. 

5/15/97 

2.37% 

2.16% 

91.13% 

5/15/97 

2.37% 

2.16% 

91.00% 

5/1  5/97 

2.37% 

2.14% 

90.30% 

5/15/97 

2.37% 

2.11% 

89.22% 

5/15/97 

2.37% 

2.17% 

91.75% 

ASA //VS  77?£AAS 
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TIF«Mn  Eap  5  w«t*f  «*tr 


I  ■  ■'Zr.t*  iv'T-T  \  Z<*2± ! 


lASKIN  RESULTS  -  Statistical  Summary 


date 

ANALYST 

SIGNATURE 


TiFeMn  (exp  # 5 )  water  extraction 


Anova:  Single  Factor 


SUMMARY 


Groups 

Count 

Sum 

Average 

Variance 

1:  TiFeMn  exp  5 

15 

14.71048853 

0.980699236 

0.003080259 

2:  TiFeMn  (no  trt) 

15 

18.89782227 

1.259854818 

0.000325951 

ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 

Total 


Conclusion: 


SS  df  MS 


0.584458795  1  0.584458795 

0.047686939  28  -  '  0.001703105 

0.632145734  29 


There  is  a  significant  difference  (95%  probability)  between  groups 


P -value 


343.1725019  2.99567E-17 


F  crit 


4.195982228 


ASA //VS  ////rAAS 
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Dalormm»tion  of  2.2*-tfiio<Ji«tJi*not  using  HPLC 


I'iJXZ 


ASs4//\ZS^r/?£AA/ 
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ASKJN  RESULTS  | 

DATE 

5V/  r/  ?  7 

^ 

ANALYST 

SIGNATURE 

6- 

y'  /  <y 

TiFeMn  (exp  #5)  water  extraction 

Actual 

Determined 

Percent 

Date  Analyzed 

Percent  Thiodiethanol 

Percent  Thiodiethanol 

Recovered 

5/14/97 

2.54% 

2.56% 

100.84% 

5/14/97 

2.54% 

2.53% 

99.64% 

5/14/97 

2.54% 

2.61% 

102.82% 

5/14/97 

2.54% 

2.54% 

100.18% 

5/14/97 

2.54% 

2.58% 

101.45% 

5/14/97 

2.54% 

2.61% 

102.71% 

5/14/97 

2.54% 

2.59% 

101.89% 

5/14/97 

2.54% 

2.56% 

100.99% 

5/14/97 

2.54% 

2.61  % 

102.88% 

5/14/97 

2.54% 

2.65% 

104.24%  » 

ASA /A/S  T/i^SiA/ 
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TiFeMn  Exp  5  w*l«f  *x1r 


lASKIN  RESULTS  -  Statistical  Summary 


TiFeMn  (exp  #5)  water  extraction 


Anova:  Single  Factor 


1:  TiFeMn  (exp  5) 
:2:  TiFeMn  (no  trt) 


Source  of  Variation 


Between  Groups 
Within  Groups 


0.005890647 


There  is  a  significant  difference  (95%  probability)  between  groups 
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r* 


CaNiS  exp  8 


L-"wl.-ViaJl3L7J  n'u  /i 


’-fSZuiiTcrJ  I 


[askin  results 


/  7  7 


^  ^  — jr- 

VxJ>  ✓ 


SIGNATURE 


Calcium  Nickel  -  Experiment  #8 

Actual 

Date  Analyzed  Percent  DMMP 


Determined 
Percent  DMMP 


Percent 

Recovered 


3/26/97 

1.73% 

0.33% 

19.21% 

3/26/97 

1 .73% 

2.82% 

162.78% 

3/26/97 

1 .73% 

0.27% 

15.46% 

3/27/97 

3.11% 

2.30% 

73.87% 

3/27/97 

3.11% 

3.21% 

103.33% 

3/27/97 

3.11% 

2.09% 

67.27% 

3/27/97 

3.11% 

2.10% 

67.63% 

3/27/97 

3.11% 

1.10% 

35.26% 

3/27/97 

3.11% 

1.55% 

49.69% 

3/27/97 

3.11% 

1 .90% 

61.19% 

3/27/97 

3.51% 

-0.08% 

-2.33% 

3/27/97 

3.51% 

0.73% 

20.67% 

3/27/97 

3.51% 

-0.06% 

-1.75% 

3/27/97 

3.51% 

0.21% 

6.03% 

3/27/97 

3.51% 

0.55% 

15.78% 

3/27/97 

3.51% 

-0.19% 

-5.35% 

3/27/97 

3.51% 

-0.22% 

-6.36% 

3/27/97 

3.51% 

-0.32% 

-9.11% 

3/27/97 

3.51% 

1.51% 

43.01% 

3/27/97 

3.51% 

-0.04% 

-1.05% 

I  Bggaf^a^rajmrega^BKBasaajjssjafi^!  a  ag^gt 


^:;^j3^-i^Ti^^^rig7as^..assigs"i;-r.'n.CT;vrisaaf,^  I 


ASs4/A/±, 
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Determination  of  2.2*-thiodieUianoJ  using  HPLC 


nothin  I1.  .^UjteaiJ  *-«rt.  wfel  »Al 

linfc  ^juuiAVitvft  ^wraAiw.  ».  A  jLv^5cJ 

jASKIN  RESULTS  | 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 

Percent  DMMP 

Percent 

Recovered 

3/26/97 

16.20% 

17.29% 

106.74% 

3/26/97 

16.20% 

17.80% 

109.89% 

3/26/97 

16.20% 

16.39% 

101.18% 

3/26/97 

1 .44% 

2.09% 

145.42% 

3/26/97 

1 .44% 

1.77% 

122.77% 

3/27/97 

0.84% 

1.38% 

165.58% 

3/27/97 

0.84% 

0.84% 

101.05% 

3/27/97 

0.84% 

0.95% 

113.36% 

3/27/97 

0.84% 

0.51% 

61.08% 

3/27/97 

0.84% 

0.67% 

80.38% 

3/27/97 

1.75% 

2.08% 

118.81% 

3/27/97 

1.75% 

1.75% 

100.08% 

3/27/97 

1.75% 

1.28% 

73.10% 

3/27/97 

1.75% 

1.61% 

92.05% 

3/27/97 

1.75% 

0.95% 

54.43% 

3/27/97 

1.75% 

1.17% 

66.86% 

3/27/97 

1.75% 

1.37% 

78.40% 

3/27/97 

2.05% 

3.43% 

167.24% 

3/27/97 

2.05% 

2.95% 

144.00% 

3/27/97 

2.05% 

2.65% 

129.32% 

ASA /MS  /A/rAAS 
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CaNIS  exp  8 


I  tzr^.^uz::  ~.f 


lASKIN  RESULTS  -  Statistical  Summary 


DATE 

ANALYST 

SIGNATURE 


Calcium  Nickel  -  Experiment  #8 


Anova:  Single  Factor 


Groups 

Count 

Sum 

Average 

Variance 

1:  CaNi  Exp  #8 

20 

7.152280708 

0.357614035 

0.194423586 

2:  CaNi  No  trt  acet  extr 

20 

21.31743452 

1.065871726 

0.107040358 

ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 


SS 


5.016289565 

5.72781493 

10.74410449 


MS 


5.016289565 

0.150731972 


33.27953256 


P-va/ue 


1.18165E-06 


Fait 


4.098168915 


Conclusion: 

There  is  a  significant  difference  (95%  probability)  between  groups 

CaNiS  (no  trt)  vs  CaMlS  (axp  8) 

team 

♦  • 

140.00% 

♦ 

„  120.00%  . 

l 

|  10000% 

♦  I 

i  0000%  ■ 

•  t  G 

] 

» 

\  0000% 

1 

i  ! 

•  * 

“  4003%  . 

♦ 

* 

2)00% 

* 

AM/A/^77?jEJ4AS 
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no  trt  water  ext 


ASKIN  RESULTS 


vAr! W/^VCST 


DATE 

ANALYST 

SIGNATURE 


Mg2Ni  -  no  treatment  with  water  extraction 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 

Percent  DMMP 

Percent 

Recovered 

) 

4/30/97 

1.61% 

2.61% 

162.63% 

4/30/97 

1.61% 

2.81% 

175.00% 

4/30/97 

1.61% 

4.89% 

304.48% 

4/30/97 

1.61% 

3.75% 

233.45% 

4/30/97 

1.61% 

4.03% 

250.64% 

4/30/97 

1.61% 

5.01% 

311.60% 

4/30/97 

1.61% 

3.33% 

207.61% 

4/30/97 

1.61% 

4.51% 

280.49% 

4/30/97 

1.61% 

4.52% 

281.22% 

4/30/97 

1.61% 

4.91% 

305.71% 

4/30/97 

1.61% 

4.78% 

297.57% 

4/30/97 

1.61% 

7.20% 

448.00% 

4/30/97 

1.61% 

5.21% 

324.16% 

4/30/97 

1.61% 

5.16% 

321.39% 

4/30/97 

1.61% 

5.68% 

353.31% 

4/30/97 

1.61% 

4.26% 

265.08% 

4/30/97 

1.61% 

5.02% 

312.75% 

4/30/97 

1.61% 

4.35% 

270.51% 

4/30/97 

1.61% 

4.88% 

303.74% 

4/30/97 

1.61% 

5.07% 

315.44% 

■r.’iT  ‘irf-  »-~Trv  'brr.-j  i  • 

iriii  •=r';»r,‘a3 

ASA //VS  T/VS-AAS 
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MQ2NI  •  DLC3 


I ASKIN  RESULTS  -  Statisticai  Summary 


Mg2Ni  -  DLC-8  water  extraction 


Anova:  Single  Factor 


SUMMARY 


DATE 

ANALYST 

SIGNATURE 


Groups 

Count 

Sum 

Average 

Variance 

1.  Mg2Ni  DLC  8 

20 

31.57990039 

'  1.57899502 

1.447359357 

2.  Mg2Ni  no  trt  water  e 

20 

57.24787258 

2.862393629 

0.396458393 

ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 

Total 


Conclusion: 


SS  df  MS 


16.4711199  1  .  .  16.4711199 

35.03253726  38  0.921908875 

51.50365717  39 


There  is  a  significant  difference  (95%  probability)  between  groups 

Mg2M  (no  trutnwnt)  v>  My2NI  (DLCS) 


P-value 


0.000143241 


F  cril 


4.098168915 


AM/A/Sr/PestAS 
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Detommalion  of  2,Z-lfiiodiatfianol  using  HPLC 


Mg2Ni  -  no  treatment  with  acetonitrile  extraction 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 

Percent  DMMP 

Percent 

Recovered 

4/15/97 

1.11% 

0.77% 

69.76% 

4/15/97 

1.11% 

0.19% 

16.91% 

4/15/97 

2.73% 

4.31% 

157.94% 

4/15/97 

2.73% 

2.50% 

91.36% 

4/15/97 

2.73% 

3.99% 

145.96% 

4/15/97 

2.73% 

2.17% 

79.56% 

4/15/97 

2.73% 

3.19% 

116.76% 

4/1  5/97 

2.73% 

2.31% 

84.59% 

4/1  5/97 

2.73% 

2.31% 

84.52% 

4/1  5/97 

2.73% 

2.31% 

84.39% 

4/15/97 

2.73% 

1.93% 

70.76% 

4/15/97 

2.73% 

2.01% 

73.50% 

4/1  5/97 

2.73% 

3.26% 

119.18% 

4/1  5/97 

2.73% 

2.19% 

80.13% 

4/1  5/97 

2.16% 

4.33% 

200.34% 

4/1  5/97 

2.16% 

4.09% 

189.22% 

4/1  5/97 

3.27% 

3.91% 

119.61% 

4/1  5/97 

3.27% 

3.56% 

108.84% 

4/15/97 

3.27% 

3.03% 

92.66% 

4/1  5/97 

3.27% 

3.88% 

118.64% 

'  .7*,."^  '..',71  .  I-*/  /MfH.  m  '•  *w»-  -T7'> 

33 
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Mg2NI  -  exp  5 
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Mg2NI*«xp3 


ASKIN  RESULTS 


&/ 7/9 


Mg2Ni  -Hydrogenated,  experiment  #3 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 

Percent  DMMP 

Percent 

Recovered 

4/1 6/97 

1.85% 

4.28% 

232.03% 

4/1 6/97 

1.85% 

4.54% 

246.03% 

4/16/97 

1.85% 

2.87% 

155.28% 

4/1 6/97 

1.85% 

2.59% 

140.57% 

4/16/97 

1 .85% 

2.79% 

151.09% 

4/1 6/97 

1.85% 

2.63% 

142.25% 

4/1 6/97 

1.85% 

2.44% 

132.45% 

4/16/97 

1.85% 

2.47% 

133.60% 

4/1 6/97 

1.85% 

3.11% 

168.42% 

4/1 6/97 

1.85% 

2.51% 

136.14% 

4/24/97 

2.54% 

6.26% 

246.41% 

4/24/97 

2.54% 

9.50% 

374.01% 

4/24/97 

2.54% 

5.82% 

228.93% 

4/24/97 

2.54% 

8.14% 

320.28% 

4/24/97 

2.54% 

7.80% 

307.19% 

4/24/97 

2.54% 

8.07% 

317.73% 

4/24/97 

2.54% 

8.78% 

345.61% 

4/24/97 

2.54% 

9.03% 

355.38% 

4/24/97 

2.54% 

9.46% 

372.43% 

4/24/97 

2.54% 

6.84% 

269.12% 
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Mg2NI  -  exp  3 


SI 

s 

■n2^p.SkaaS«^aAV&ctja.v'-  JUS  t:j 

lASKIN  RESULTS  -  Statistical  Summary 


Mg2Ni  -Hydrogenatedj  experiment  #3 


Anova:  Single  Factor 


DATE 

ANALYST 

SIGNATURE 


Groups 

Count 

5wm 

Average 

Far/oncc 

1:  Mg2Ni  exp  3 

20 

47.74938149 

'  2J87469075 

0.79666308 

2:  Mg2Ni  -  No  trt  acet 

20 

21.04625253 

1.052312627 

0.186569912 

ANOVA 


Source  of  Variation 


Between  Groups 
Within  Groups 

Total 


Conclusion: 


SS  df  MS 


17.82642741  1  '  17.82642741 

18.68142686  38  0.491616496 

36.50785427  39 


There  is  a  significant  difference  (95%  probability)  between  groups 


P-value 


5J1566E-07 


Fcrit 


4.098168915 


Mg&ti  (no  treatment)  vs  MgZNt  (tap  3) 


I  ft  ^  ■■  a i  SUnxiii/i *~*yi e—  ^~Ti 
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TiFeMn  -  exp  #5 
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TIFeMn  -  no  trt 


IASKIN  RESULTS 


TiFeMrt  -  no  treatment  -  water  extraction 


DATE 

ANALYST 

SIGNATURE 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 

Percent  DMMP 

Percent 

Recovered 

05/06/97 

1.59% 

1.30% 

81.82% 

05/06/97 

1.59% 

1.22% 

76.49% 

05/06/97 

1.59% 

1.01% 

63.33% 

05/06/97 

1.59% 

3.04% 

190.83% 

05/06/97 

1.59% 

1 .54% 

96.35% 

05/06/97 

1.59% 

1.67% 

104.92% 

05/06/97 

1.59% 

2.70% 

169.36% 

05/06/97 

1.59% 

1.63% 

102.23% 

05/06/97 

1.59% 

2.28% 

143.30% 

05/06/97 

1.59% 

2.37% 

148.55% 

05/06/97 

1.59% 

2.78% 

174.54% 

05/06/97 

1.59% 

2.43% 

152.54% 

05/06/97 

1.59% 

2.37% 

148.79% 

05/06/97 

1.59% 

2.31% 

144.76% 

05/06/97 

1.59% 

2.34% 

147.14% 

05/07/97 

1.86% 

2.51% 

135.36% 

05/07/97 

1.86% 

2.36% 

127.26% 

05/07/97 

1.86% 

2.74% 

147.40% 

05/07/97 

1.86% 

2.79% 

150.43% 

05/07/97 

1.86% 

2.67% 

143.98% 

*iT.  ’.'-r-'  'Tv*  VU  t. 

MA/AfS^77?j^AAS 
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TlFeMn  -  exp  #5 


Mol*  Si«v«  only 


ASA/A/^r/?&lAS 

CflfkMh)  Cafnoi 
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Wole  s«iv«  mathacrylata 


page  128 


Molt  Sttvt  butyl  ethtf 


ASKIN  RESULTS 


VCi>  /TTT: 


SIGNATURE 


Mole  sieve  -with  proplene  glycol  butyl  ether  added,  no  hydrogen  treatment 


Date  Analyzed 

Actual 

Percent  DMMP 

Determined 
Percent  DMMP 

Percent 

Recovered 

05/16/97 

2.87% 

2.82% 

98.35% 

05/16/97 

2.87% 

1.81% 

63.20% 

05/16/97 

2.87% 

3.49% 

121.90% 

05/16/97 

2.87% 

4.56% 

159.28% 

05/16/97 

2.87% 

1.95% 

68.10% 
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Mot*  Seiv*  butyl  el fier 


Mole  sieve  with  proplene  glycol  butyl  ether  added,  no  hydrogen  treatment 


Anova:  Single  Factor 


SUMMARY 


atVwwwgWeiat&iBiWU i iii  U»it.ltv-«r^«»ljnitiii 


ASKIN  RESULTS  -  Statistical  Summary 


Groups 

Count 

Sum 

Average 

I:  Mole  Sieve 

5 

5.108346517 

1.021669303 

2:  Mole  sieve  (butyl  ether) 

5 

3.794594176 

0.758918835 

ANOVA 

Source  of  Variation 

SS 

df 

MS 

Between  Groups 

0.172594521 

1 

0.172594521 

Within  Groups 

0.732329934 

8 

0.091541242 

Total 

0.904924455 

9 

Conclusion: 


There  is  no  significant  difference  (95%  probability)  between  groups 


ASs4/A/^r/?&5AS 
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REPLY  TO 
ATTENTION  OF: 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  MEDICAL  RESEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 
FORT  DETRICK,  MARYLAND  21702-5012 


MCMR-RMI-S  (70-ly) 


4  Dec  02 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 
Center  (DTIC-OCA) ,  8725  John  J.  Kingman  Road,  Fort  Belvoir, 

VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 

1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  this  Command.  Request  the  limited 
distribution  statement  for  the  enclosed  accession  numbers  be 
changed  to  "Approved  for  public  release;  distribution  unlimited. 
These  reports  should  be  released  to  the  National  Technical 
Information  Service. 

2.  Point  of  contact  for  this  request  is  Ms.  Kristin  Morrow  at 
DSN  343-7327  or  by  e-mail  at  Kristin.Morrow@det.amedd.army.mil. 

FOR  THE  COMMANDER: 


Enel 


v. 


PHYLI^  M7  RINEHART 
Deputy  Chief  of  Staff  for 
Information  Management 
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